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ABSTRACT 


An acetaminophen-sustained release tablet or tablet 
layer is formed by making a wet granulation, using 
Povidone (PVP) in water or alcohol-water .as the gran- 
ulating fluid which is mixed with acetaminophen, hy- 
droxyethyl cellulose, a wicking agent e.g. microcrystal- 
line cellulose, then drying and milling the granulation 
and blending with dry powdered erosion promoter, e.g. 
pregelatinized starch, wicking agent, lubricant e.g. mag- 
nesium stearate and glidant e.g. silicon dioxide, and 
compressing the resultant granulation, which upon ad- 
ministration results in a slow release of the acetamino- 
phen. 

17 Claims, No Drawings 
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ORAL SUSTAINED RELEASE ACETAMINOPHEN 
FORMULATION AND PROCESS 

This invention relates to a sustained release form of 
acetaminophen, and is more particularly concerned 
with an acetaminophen-containing matrix formed from 
granulations of acetaminophen mixed with inactive 
powered excipients plus hydroxyethyl cellulose (HEC) 
using an aqueous solution of Povidone U.S.P. (polyvi- 
nylpyrrolidone— PVP) as the granulated agent, which 
granulations are dried, milled, blended with additional 
inactive powdered excipients, and then compressed into 
a tablet, and to the process of making the acetamino- 
phen-containing matrix in a manner so that the rate of 15 
release of acetaminophen can be varied or controlled. 

BACKGROUND OF PRESENT INVENTION 
Acetaminophen (APAP) is a well-known analgesic 
and antipyretic drug. In the United States, it is available 20 
for non-prescription over-the-counter sale in conven- 
tional liquid, suppository, capsule, tablet and caplet 
dosage forms. The tablet and caplet dosage forms typi- 
cally contain 325 mg acetaminophen as "regular 
strength" or 500 mg as "extra strength". Normally, 25 
regular strength tablets or caplets are taken as one or 
two every four hours, and the extra strength tablets or 
caplets are taken as one or two every six hours. Ideally, 
it would be desirable to extend th dosing interval while 
maintaining the initial plasma concentrations achievable 30 
with conventional tablets or caplets. This would pro- 
vide immediate and extended therapeutic analgesic or 
antipyretic effect and reduce the number of doses neces- 
sary, thereby making therapy more convenient. A way 
to do this has now been found, using the present mven- 35 
tion, whereby two tablets or caplets each containing 
650 mg acetaminophen can be formulated to provide 
both immediate release and sustained release or sus- 
tained release alone such that the dosing interval can be 
extended to at least eight (8) hours. In addition, the 40 
quantity (amount) of the sustained release matrix can be 
adjusted up or down to produce tablets for sustained 
release that have more or less than 650 mg of acetami- 
nophen. For example, a tablet containing 500 mg of 
acetaminophen can be manufactured from the same 45 
composition by simply decreasing the size and weight 
of the final tablet by a multiple of 10/13. The present 
invention can be used to obtain any desired sustained 
release acetaminophen tablets of different dosages, e.g. 
a 500 mg sustained release tablet which results in lower 50 
blood plasma levels over eight hours, than with the 650 
mg tablet, and desired longer or shorter time periods, 
e.g. twelve hours are possible. From a practical stand- 
point eight (8) hours might be the most desired interval. 
The matrix of the present invention can be used to make 55 
acetaminophen sustained release pharmaceutical prepa- 
rations in compressed tablet form. The matrix materials 
used are compressed into a shaped tablet form. The 
term "tablet" as used herein includes tablets of any 
shape, and includes caplets, which are tablets having a 60 
capsule shape. The tablets may be coated with a phar- 
maceutically acceptable coating material or have phar- 
maceutical^ acceptable coloring added to the composi- 
tion prior to compression. 

PRIOR ART 
Both hydroxyethyl cellulose (HEC) and polyvinyl 
pyrrolidone (PVP) have been used in pharmaceutical 


compositions, such as tablets, including sustained re- 
lease compositions. However, the materials have not 
been used in the same way for the same purposes in a 
sustained release acetaminophen tablet composition. In 
•U.S. Pat. No. 4,189,469 the examples show pharmaceu- 
tical compositions containing a xanthine as the active 
ingredient together with hydroxyethyl cellulose, PVP, 
and certain excipients. However, no wicking agent or 
erosion promoting agent is used there, so that the 
method of obtaining the sustained release affect is differ- 
ent in Applicant's invention. The ratio of drug to hy- 
droxyethyl cellulose used is much higher in Applicant's 
sustained release formulations. Also, the reference does 
not refer to the use of wet granulation techniques which 
are required in Applicant's invention. 

U.S. Pat. No. 4,264,573 teaches the use of PVP but 
does not teach the use of hydroxyethyl cellulose. It is 
typical of the many formulations for slow release via 
controlled surface erosion which are known in the prior 
art. 


SUMMARY OF THE INVENTION 
The present invention, in its process aspect is directed 
to the process of preparing an acetaminophen-sustamed 
release shaped and compressed tablet characterized by a 
slow release of the acetaminophen upon administration 
comprising the following steps: 

(A) forming a granulating agent by dissolving 5-25 
parts by weight povidone in water or in an alcohol- 
water mixture; 

(B) blending together the following ingredients in dry 
powder form; 


Ingredient 


Parts by Weight 


Acetaminophen 
Hydroxyethyl Cellulose 
wtcking agent 
e.g. Microcrystallinc 
Cellulose 


325 
5-25 
5-25 


(C) adding the granulating agent from Step A to the 
blended powders from Step B, and mixing in a high 
shear granulator to form a wet granulation; 

(D) drying the wet granulation of Step C; 

(E) milling the dried granulation from Step D; 

(F) thoroughly blending the milled dried granulation 
from Step E with the following ingredients in dry 
powder form; 


Ingredient 


Parts by Weight 


erosion promoter eg. 
Pregelatinized Starch 
wicking agent e.g. 
Macrocrystalline Cellulose 
libricant e.g. 
Magnesium Siearate 
glidant eg. Colloidal 
Silicon Dioxide 


1-15 
5-45 
0-10 
0-5 


65 


(G) compressing the final granulation from Step F 
into a tablet or tablet layer. 
In its product aspect the present invention is directed to 
a shaped and compressed sustained release therapeutic 
composition comprising acetaminophen as the 
therapeutically-active medicament and granulating 
agent and excipients combined into a matrix, character- 
ized by a slow release of the acetaminophen medica- 
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raent upon administration, wherein the graulating agent two well-known pharmaceutical^ acceptable poly- 

and excipients includes a combination of two polymers, mers, in the relative proportions here used and m the 

hydroxyethyl cellulose and povidone, and wherein the manner used is believed to be a major novel feature of 

total amount of ingredients other than acetaminophen in the present invention. In the most preferred embodi- 

the sustained release matrix may, in the most preferred 5 ments of the invention, the amount of hydroxyethyl 

embodiments, be less than fifteen (15) percent of the cellulose used is on the general order of four percent or 

weight of said shaped and compressed composition. less of the amount of acetaminophen, while the amount 

The preferred tablets of this invention include a 0 f povidone is on the general order of four percent or 

shaped and compressed acetaminophen sustained re- ^ 0 f the amount of acetaminophen used. This means 

lease tablet made by wet granulating the Active & Ex- to the acetaminophen sustained release matrix of the pres- 

cipients ingredients of Part I with the Granulating ent invention is capable of producing dosage forms 

Agent of Part II, drying and milling the resultant granu- having very high drug/matrix binding agent ratios. This 

lations, and then blending with the Excipients of Part reS ults in reducing the size or number of tablets needed, 

III and compressing into a tablet, wherein the ingredi- making the product easier to swallow, less expensive 

ents of Parts I, II and III comprise the following: 15 md more desirable to the consumer. 

Another advantage of this invention is that the rate of 

Ingredient Pans by weight matrix erosion when the tablet is swallowed can be 

: " modified so that the degree and/or length of the sus- 

Part 1 Active &Excip.ents effect Qf the malrix can be easily modified 

HAdto 5-Vs 20 by simply altering the levels of the other excipients, 

Microcrystalline Cellulose 5-25 aside from the hydroxyethyl cellulose and the povidone 

Part 11 Granulating Agent (PVP). Hence, the rate at which acetaminophen is re- 

Povidone 5-15 leased from the tablet and subsequent absorption from 

Water or Alcohol-Water ^ ^ ^ the bloodstream can be modified to match 

PartUI SeSied Starch 2-15 25 the desired blood plasma concentration versus time 

Microcrystalline Cellulose 5-45 profile. 

Magnesium Stearate 0-W -j*he acetaminophen sustained release matrix of the 

Colloidal Silicon Dioxide 0-5 present invention can be used alone as a shaped and 

3Q compressed tablet (tablet can be any shape such as oval, 

The invention preferably is utilized in the form of a round, caplet or spherical), or as part of a multi-layered 

bi-layer tablet containing both an immediate release tablet containing an immediate or quick-release layer to 

layer and a sustained release layer. elevate the blood levels of acetaminophen quickly and 

In addition to the hydroxyethyl cellulose and PVP coma ini Q g a sustained release portion to maintain 
polymers discussed above which are "Matrix Binding tne e i evatec i blood level. Hence, the present invention 
Agents", the commonly used excipients which are gran- can be used t0 p repare tablets with two or more layers, 
ulated with the acetaminophen must include a "wicking each a significantly different release rate of the 
agent" (to wick fluids into the matrix) such as micro- same component) 0 r to prepare tablets of different com- 
crystallLne cellulose, and an "erosion promoter" such as p 0nen ts where a combination of drugs is desired, 
pregelatinized starch. Additional excipients which are The acetaminophen sustained release matrix, in our 
added to the granulated and dried ingredients include a w curre ntly preferred embodiments, contains approxi- 
wicking agent such microcrystalline cellulose, an ero- mate i y three percent hydroxyethyl cellulose and ap- 
sion promoter such as pregelatinized starch, and option- proxiniate iy three percent povidone (PVP), with the 
ally a lubricant such as magnesium stearate and a ghdant balance cons isting of various pharmaceutical^ accept- 
such as colloidal silicon dioxide. The use of a lubricant „ common exc ipients. The matrix tablets or tablet 
is preferred, while the use of a ghdant is possible but not Qf ^ ^ QnX mverition have a very high drug- 
usually needed. to-excipients ratio on the order of 85 percent acetamino- 
DETAILED DESCRIPTION OF THE phen to 15 percent excipients by weight. This results in 
INVENTION a drug to total matrix weight ratio of approximately^ 

The acetaminophen sustained 50 U As discussed, the hydroxyethyl cellulose and PVP 

ceutical tablets of the ^ ™Uon« made by ^ ^ y^y ^y ^ 

adding granulating agent to a dry powd« ^btod of excipients that are granulated with the 

active drug and inactive ^^^JS^^^ acetaminophen include a Wicking Agent (to wick fluids 

turn, wbch are then dned and fmdyj J"^** 5J int0 the m * trix) such tt microcrystalline cellulose. Ad- 

^^S^SS^S^SmA didonal excipients that are added" to the granulated and 

ddedingredLsmcludeawickingagent 

• ^SSS2o^ tabletting equipment, crystaUine cellulose, » 

The tablets of the present invention have novel and gelatinized starch, and a lubricant such as magnesium 

iSSfflSSSt 60 ^each of ^ingredients use, indued 
soluble tablet shaped device remains to be excreted or release matrix of the present mventon . aade from he 
removed from the body after acetaminophen is depleted acetammophen the hydroxyethyl cell ulose and Jhe 
from the tablet. The acetaminophen sustained release povidone (PVP) there exists less preferred alternative 
matrix uses hydroxyethyl cellulose (Hydroxyethyl Cel- 65 or equivalent materials which could Ibe used in its place, 
lulose NF) and povidone (Povidone USP) (Plasdone ® The following Table I lists each of the various preferred 
K29/32) (PVP) as the Matrix Binding Agents for ob- ingredients, the purpose of the ingredient, the preferred 
tabling the sustained release effect. This combination of weight of such preferred ingredient, the usable weight 
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range of the preferred ingredient, other less preferred 
alternatives or equivalents which can be substituted for 


milled granulations, after which they are compressed 
thereby forming the sustained release matrix. 

TABLE I 


SUSTAINED RELEASE ACETAMINOPHE N MATRIX 


Preferred 
Ingredient 


Purpose 


(mg) 
Wl per 
Tablet 


(rag) 
Range 


Alt 
or 

Equiv. 


(mg) 
Wt. per 
Tablet 


Part I - Active & Excipients 
Acetaminophen, USP 
Hydroxyethyl Cellulose 
NF (Natrosol*/250L) 

Macrocrystalline Cellulose 
NF, (Avicel* Wicking 
PH 101,102,103,105) Agent 
Part II - Granulating 
Agent 


Active 
Matrix 
Binding 
Agent 


Povidone. USP 
(Plasdone* K29/32) 

Purified Water, 
USP 

Part HI - Excipients _ 

Macrocrystalline Cellulose 

USP(Avicel* 

PH 101,103,103,105) 

Pregelatinized 

Starch, NF 

(com, wheat, or 

potato source) 


Matrix 
Binding 
Agent 

Solvent 


Wicking 
Agent 
Erosion 
Promoter 


Magnesium 
Stearate NF 


Lubricant 


325 


10.7 


10.7 


10.7 


15.0 
5.0 


5.0 


5-25 — 


5-25 


powdered Cellulose 
(Solka Floe*) 


10.7 


5-25 


q.s water-alcohol (up to 50%) 


5-45 
2-15 


0-10 


Powdered Cellulose 


(Solka Floe - ) 

15.0 

Starch NF 

5.0 

(corn, 


wheat or 


potato) 


or 


rice starch, 


Sodium 

3.0 

Starch 


Glycolate 


NF(Explotab«) 

3.0 

Croscarmellose 

Sodium 


NF(Ac Di Sol') 

3.0 

Crospovidone 

NF(Povidone*XL) 

5.0 

Stearic 

Acid NF 



(mg) 
Range 


5-25 


5-45 
5-10 


1-10 


1-10 


1-10 
5-10 


the preferred ingredient, the preferred weight of such 40 
alternate ingredient and the usable weight range of such 
alternate ingredient needed for the sustained release 
layer containing 325 mg of acetaminophen. For matri- 
ces (tablets or caplets) of a higher or lower level of 
acetaminophen, the amounts of ingredients and their 45 
ranges would be proportionately increased or de- 
creased. 

The ingredients "are listed in Table I under Part I - - 
Active & Excipients, Part II Granulating Agent, Part 
III Excipients, since they are used in this manner in the 50 
process by which the tablets of the present invention are 
made. . 

The preferred process which is utilized from form the 
most preferred acetaminophen sustained release matrix 
of the present invention is to mix together the dry pow- 55 
dered active drug, acetaminophen, the dry powdered 
matrix binding agent, hydroxyethyl ceUulose, and the 
dry powdered wicking agent, microcrystalune cellulose 
in a rnixer/granulator. A granulating fluid or solution is 
formed by dissolving povidone into water at a raUoof «0 
19.1 grams of povidone to 100 grams of water. The 
resultant granulating agent is sprayed onto the above 
admixed powders while they axe being mixed in the 
rnixer/granulator so as to form a wet granulation. The 
wet granulation thus obtained is dried and milled. At 65 
this point, a small amount of dry powdered excipients 
such as pregelatinized starch, microcrystallme cellulose 
and magnesium stearate are added, and mixed with the 


EXAMPLE I 
Acetaminophen Sustained Release Bi-Layer Tablet 

This example illustrates a bi-layer tablet in which 
there is both an immediate release layer and a sustained 
release layer. The immediate release layer is analogous 
in composition and manufacturing procedure to cur- 
rently available over-the-counter acetaminophen non- 
sustained release tablets. It is the sustained release layer 
that utilizes the matrix of the present invention. The 
acetaminophen content of the entire tablet is 650 mg. 

The bi-layer tablet uses the following ingredients: 


Ingredient 


rag/Tablet 


A. Immediate Release Layer 
Part I - Active and Excipients 
Acetaminophen, USP 
Powdered Cellulose. NF 
Pre-gelatinized Starch, NF 
Part II • Granulating Agent 
Starch, NF 

Purified Water USP 
Part III - Excipients 
Sodium Laurel Sulphate, NF 
Magnesium Stearate, NF 

B. Sustained Release Layer 
Part I * Active and Excipients 
Acetaminophen, USP 


325.0 mg 
42.3 mg 
16.0 mg 

26.0 mg 
q.s. 

0.75 mg 
2.0 mg _ 
Total 412.05 mg 


325.0 mg 
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-continued 


Ingredient 


mg/Tablet 


Hydroxyethyl Cellulose, NF 
(Natrosol* 250L) 
Microcrystallwe Cellulose, NF 
(Aviccl* PH 101) 
Part It - Granulating Agent 

Povidone, USP 
(Plasdone* K29/32) 
Punned Water, USP 
Part HI - Excipteals 
MtcrocrystaUine Cellulose, USP 
(Avicel* PH 101) 
Pregelatinized Starch, NF 
(Starch 1500)* 
Magnesium Stearate, NF 

Total 

Total Tablet Weight 


10.7 mg 
10.7 mg 

10.7 rag 

qj. 

15.0 mg 

5.0 mg 

5.0 mg 
382.1 mg 
794.15 mg 


10 


15 


The above ingredients are utilized to make a bi-layer 
tablet, by the following working directions: 
Working Directions 


20 


A. Immediate Release Layer 

1. Weigh the components of Part I and add them to 25 
the bowl of a fluid bed granulator (Aeoromatic). 

2. Prepare the granulating agent (Part II) by adding 
the Purified Water to a processing tank (approxi- 
mately 15 grams water for each gram of Starch 
NF). Slowly mix in the starch and heat the mix- 30 
ture until the temperature reaches 82* C.-84* C. 

3. With the components of Part I in a heated fluid- 
ized state (inlet air temperature 75' C. to 85 tt C). 
spray the granulating agent onto the powders. 

4. After all the granulating agent has been sprayed, 35 
dry the granulated powders to a moisture con- 
tent of 1.4-1.9% as determined by loss on drying 
(e.g. Computrac). 

5. Sieve the dried granulation (e.g. Glatt Quick 
Sieve: Stator No. 3, Screen No. 1.5 mm, 1000 40 
RPM). Other machines such as Fitzpatrick Corn- 
munition Mill can be used. 

6. Blend the sieved and dried granulation with the 
powders of Part III using a suitable mixer such as 
a twin-shell, ribbon or planetary mixer. 45 

B. Sustained Release Layer 

1. Weigh the components of Part I and preblend in 
a high shear mixer (Fielder: impeller speed of 
approximately 250 RPM for 1 minute). - 

2. Prepare the granulating agent (Part II) by dis- 50 
solving the Povidone USP in th Purified Water 
USP (a ratio of 19.1 grams of povidone to 100 
gm of water). 

3. Spray the granulating agent at a rate ot m) 
ml/min onto Part I in the high shear mixer. 55 
Granulate the mixture for one ininute after the 
addition of Part II (Fielder: impeller speed of 
approximately 3000 RPM). 

4. Remove the completed wet granulation from the 
high shear mixer and load it into the product 60 
bowl of a fluid bed apparatus (e.g. Aeromatic or 
Glatt). With an inlet air temperature of approxi- 
mately 60° C, dry the granulation to a moisture 
level of 2.0 to 2.5% as determined by loss on 
drying (e.g. Computrac). The wet granulation 65 
can also be dried on trays in drying ovens. 

5. Sieve the dried granulation (Glatt Quick Sieve: 
1.5 mm Screen, Stator No. 3, 395 RPM). Other 


machines such as a Fitzpatrick Communition 
Mill can be used. 
6. Blend the sieved and dried granulation with the 
powders of Part III using a suitable mixer such as 
a twin-shell, ribbon or planetary mixer. 
C. Compression of Tablets or Caplets 

1. Load the granulation of the immediate release 
layer into one hopper and the granulation of the 
sustained release layer into the second hopper of 
a bi-layer tableting machine (eg. Stokes Versa- 
press). Compress tablets using 
0.749X0.281X0.060 extra deep concave capsule 
shaped tooling (Tablet Tooling of other shapes 
such as oval or round can also be used). The 
sustained release layer has a target weight of 
382.1 mg and the immediate release layer has a 
target weight of 412.05 mg. Ideal tablet hardness 
immediately after compression is 7-12 Kp. 
The bi-layer tablets of Example I were. tested in 
twelve adult male human subjects and compared to 
non-sustained release (immediate release only) tablets in 
a cross-over design. Two tablets of Example I, which 
contained 1300 mg of acetaminophen, were dosed at 
time=0 hour. The non-sustained release tablets, each 
containing 500 mg acetaminophen were dosed as two 
tablets (1000 mg acetaminophen) also at time=0 hour. 
Subjects were fasted at least 8 hours prior to administra- 
tion of the dose. Blood samples were taken from each 
subject at 0, 1, 1.5, 2, 3, 4, 6, 8, 10 and 12 hours. Plasma 
was separated from the blood and the concentration of 
acetaminophen in each sample was determined. The 
results are shown numerically in Tables 2a and 2b. The 
results show that two bi-layer tablets of Example I, 
when compared to two tablets of non-sustained release 
acetaminophen (1000 mg dose), achieve the following: 
comparable rate of absorption: comparable maximum 
plasma concentration; and comparable extent of absorp- 
tion (AUC or area under the curve) when adjusted for 
dose. Theoretically, the 1300 mg dose should provide 
130% of the AUC of the 1000 mg dose. The results from 
Tables 2a and 2b show comparable extents of absorp- 
tion by the following calculation: (64.3 mcg/tnl divided 
by 49.5 mcg/ml)Xl00% = 130%. 

The tablets of Example I provide the opportunity to 
dose 30% more acetaminophen in a more convenient 
manner by extending the dosing interval to at least eight 
hours. 

TABLE 2a 


Sustained Release Acetaminophen 650 mg bi-layer tablets. 
(Example I) Average Plasma Concentration Levels of 

Acetaminophen (mcg/ml) in twelve subjects after 
administration of two tablets (1300 rag). Average AUC 
equaled 64.3 mcg/hr. 


1.0 


TIME (HOURS) POST DOSING _ 
1.5 2.0 3.0 4.0 6.0 8.0 10.0 


12.0 


Average (racg/ml) 
0 12.5 12.8 11.9 


10.0 7.5 4.4 2.6 1.6 


1.0 


TABLE 2b 


Non-sustained Release Acetaminophen 500 mg tablets. 
Average Plasma Concentration Levels of Acetaminophen 
(mcg/ml) in twelve lubjcct Average AUC equaled 49.5 
mcg/hr. 


TIME (HOURS) POST DOSING 
0 i. Q u 2.0 3.0 4.0 6.0 8.0 10-0 120 
Average (mcg/ml) 
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TABLE 2b-continued 


Non-sustained Release Acetaminophen 500 rag tablets. 
Average Plasma Concentration Levels of Acetaminophen 
(mcg/ml) in twelve subject Average AUC equaled 49.5 
mcg/hr. 


Ingredient 


mg/Tablet 


1.0 


TIME (HO URS ) POST DOSING 
1.5 2.0 3.0 4.0 6.0 8.0 10.0 


110 


12.1 11.4 10,0 7.3 5.3 2.9 1.8 1.1 


0.6 


10 


EXAMPLE II 


Acetaminophen Sustained Release Tablet Containing 
650 mg of Acetaminophen in Matrix Form 

15 

This example illustrates an all-matrix (mono-layer) 
tablet in which there is only a sustained release layer. 
The working directions are analogous to the working 
directions for the sustained release layer described in 
Example I except that the amounts of all ingredients are 2Q 
proportionally increased such that the final tablet con- 
tains 650 mg acetaminophen. Tablets can be compressed 
using capsule, oval, round or other appropriately 
shaped tooling. The final target weight of the com- 
pressed tablet is 764.2 mg. 25 


Ingredient 


mg/Tablet 


Part I - Active and Excipients 
Acetaminophen, USP 
Hydroxyethyl Cellulose; NF 
(Natrosol*) 250L) 
Microcrystalline Cellulose, NF 
(Avicel* PH 101) 
Part H - Granulating Agent 

Povidone, USP 
(Flasdone* K29/32) 
Purified Water, USP 
Part HI ■ Excipients 
Microcrystalline Cellulose. NF 
(Avicel* PH 101) 
Pregelatinized Starch, NF 
(Starch 1500*) 
Magnesium Stearate, NF 


A. Immediate Release Layer 
Part I - Active and Excipients 
Acetaminophen, USP 
Powdered Cellulose, NF 
Pregelatinized Starch, NF 
Part II » Granulating Agent 
Starch, NF 

Purified Water. USP 
Part HI - Excipients 
Sodium Laurel Sulfate, NF 
Magnesium Stearate. NF 

B. Sustained Release Layer 
Part I - Active and Excipients 
Acetaminophen, USP 
Hydroxyethyl Cellulose, NF 
(Natrosol* 250L) 
Microcrystalline Cellulose, NF 
(Avicel* PH 101) 

Part II - Granulating Agent 
Povidone, USP 
(Plasdone* K29/32) 
Purified Water, USP 
Part III - Excipients 
Microcrystalline Cellulose, NF 
(Avicel* PH 101) 
Pregelatinized Starch, NF 
(Starch 1500*) 
Magnesium Stearate, NF 


333.33 mg 
43.4 mg 
16.4 mg 

26.7 mg 
q.s. 

0.77 mg 
2.05 mg 
Total 422.65 mg 


333.33 mg 
ll.O mg 


650.0 mg 
21.4 mg 

21.4 mg 


21.4 mg 
q.s 

30.0 mg 

10.0 mg 

10.0 mg 
Total 764.2 mg 


30 


35 


40 


Total 
Total Tablet Weight 


11.0 mg 

11.0 mg 

q.s. 

1 5.4 mg 

5.13 mg 

5.13 mg 
391.94 mg 
814.64 mg 


45 


EXAMPLE III 

Acetaminophen Sustained Release Bi-layer Tablet 
Containing More than a total of 650 mg acetaminophen 

This example illustrates a bi-layer tablet which is 5Q 
analogous to the tablet described in Example I, except 
all amounts of ingredients per tablet and final weight of 
the tablet are proportionally increased. The amount of 
the increase is theoretically indefinite, but one practical 
amount would be a 163 mg increase in the amount of 55 
acetarninophen such that the total amount of acetamino- 
phen in a tablet would be 6665 mg. Hence, if the tablets 
were dosed as two every eight hours, the maximum 
total amount of acetaminophen consumed in a 24 hours 
period would be 4 grams. The working directions for 60 
the immerliate release layer and the sustained release 
layer are analogous to the working directions described 
• in Example I. Tablets can be compressed using capsule, 
oval, round or other appropriately shaped tooling. For 
a tablet containing a total of 666.66 mg (an approxima- 
tion of 6663 mg) acetaminophen, the sustained release 
layer has a target weight of 391.99 mg and the immedi- 
ate release layer has a target weight of 422.65 mg. 


EXAMPLE IV 
Acetaminophen Sustained Release Bi-layer Tablet 
Containing Less Than a Total of 650 mg 
Acetaminophen 

This example illustrates a bi-layer tablet which is 
analogous to the tablet described in Example I, except 
all amounts of ingredients per tablet and final weight of 
the tablet are proportionally decreased. One practical 
decrease in the amount of acetaminophen would be 150 
mg such that the total amount of acetaminophen in a 
tablet would be 500 mg. The working directions for the 
immediate release layer and the sustained release layer 
are analogous to the working directions described in 
Example I. Tablets can be compressed using capsule, 
oval, round or other appropriately shaped tooling. For 
a tablet containing a total of 500 mg acetaminophen, the 
sustained release layer has a target weight of 293.89 rag 
and the immediate release layer has a target weight of 
316.92 mg. 


Ingredient 


mg/Tablet 


65 


A. Immediate Release Layer 
Part I » Active and Excipients 
Acetaminophen, USP 
Powdered Cellulose, NF 
Pregelaunized Starch, NF 
Part II - Granulating Agent 

Starch, NF 
Purified Water, USP 
Part HI ■ Excipients 
Sodium Laurel Sulfate, NF 
Magnesium Stearate, NF 


B. Sustained Release Layer 
Part 1 - Active and Excipients 


250 mg 
32.5 mg 
12.3 mg 

20.0 mg 
q.s 

0.58 mg 
1.54 mg 
Total 316.92 mg 
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Ingredient 


mg/Tablet 


Acetaminophen, USP 
Hydroxyethyl Cellulose, NF 
(Natrosol* 250L) 
Microcrystalline Cellulose, NF 
(Avicel* PH 101) 
Part fl - Granulating Agent 

Povidone, USP 
(Plasdone* K29/32) 
Purified Water, USP 
Part III » Excipients 
Microcrystalline Cellulose, NF 
(Avicel* PH 101) 
Pregelatiniied Starch, NF 
(Starch 1500*) 
Magnesium S tea rate, NF 


Total 
Total Tablet Weight 


250.0 mg 
8.23 mg 

8.23 mg 


8.23 mg 

11.5 mg 

3.85 mg 

' 3.85 mg 
293.89 mg 
610.81 mg 
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dium or Crospovidone; the lubricant used is Mag- 
nesium Stearate or Stearic Acid; and, the Glidant 
used is Colloidal Silicon Dioxide or Fumed Silicon 
Dioxide. 

3. The process of claim 2 wherein: 
in Step A water is used; 

in Step B the wicking agent used. is Microcrystalline 
Cellulose; in Step F the erosion promoter used is 
Pregelatinized Starch; and the lubricant used is 
Magnesium Stearate. 

4. The process of claim 3 wherein the specific ingredi- 
ents and amounts used are: 


15 


Step A Ingredient 


Parts by Weight 


What is claimed is: 

1. The process of preparing an acetaminophen-sus- 
tained release shaped and compressed tablet character- 
ized by a slow release of the acetaminophen upon ad* 
ministration comprising the following steps: 

(A) forming a granulating agent by dissolving 5-25 
parts by weight of the total composition of Povi- 
done in water or in an alcohol-water mixture; 

(B) blending together the following parts by weight 
of the total composition of ingredients with suffi- 
cient acetaminophen to comprise 68 to 94 percent 
by weight of the total composition in dry powder 
form; 


20 


water °.- s 
Povidone 

Acetaminophen 325.0 

Hydroxyethyl Cellulose 10.7 

Pregelatinized Starch 5.0 

Microcrystalline Cellulose 15.0 

Magnesium Stearate 5.0 


25 


30 


Ingredient 


Parts by Weight 


Hydroxyethyl Cellulose 
wicking agent 


5-25 
5-25 


35 


(C) adding the granulating agent from Step A to the 
blended powders from Step B, and mixing in a high ^ 
shear granulator to form a wet granulation; 

(D) drying the wet granulation of Step C; 

(E) milling the dried granulation from Step D; 

(F) thoroughly blending the milled dried granulation 
from Step E with the following parts by weight of 


5. The process of claim 4 wherein the Parts by 
Weight shown refer to milligrams per tablet. 

6. A shaped and compressed sustained release thera- 
peutic composition comprising Acetaminophen, a gran- 
ulating agent and excipients combined into a matrix, 
characterized by a slow release of the Acetaminophen 
upon administration, wherein the granulating agent and 
excipients include Hydroxyethyl Cellulose and Povi- 
done, and wherein the total amount of granulating 
agent and excipients is effective to bind the Acetamino- 
phen in a sustained release solid matrix but is less than 
about 35 percent of the weight of said shaped and com- 
pressed composition. 

7. A shaped and compressed Acetaminophen sus- 
tained release tablet made by wet granulating a suffi- 
cient amount of Acetaminophen to comprise from 
about 68 to 94 percent of the total composition with the 
Excipients of Part I and the Granulating Agent of Part 
II, drying and milling the resultant granulations, and 
then blending with the Excipients of Part III and com- 
pressing into a tablet, wherein the ingredients of Parts I, 
II and III comprise the following: 


form: 



Parti 

Ingredient 

Parts by Weight 



erosion promoter 
wicking agent 
lubricant 
glidant 

1-15 
5-45 
0-10 
O-S; and 

50 

Part II 
Part III 


Ingredient 


Parts by Weight 


(G) compressing the final granulation from Step F 55 
into a tablet or tablet layer. 

2. The process of claim 1 wherein: 

in Step A, when any alcohol is used, it is Alcohol 
USP or Dehydrated Alcohol USP or Methyl Alco- 
hol USP or Isopropyl Alcohol USP, and is used in 60 
a quantity equal to or less than the water in the 
alcohol-water mixture; 

in Step B the wicking agent used is Microcrystalline 
Cellulose or Powdered Cellulose; ^ 

in Step F the erosion promoter used is 2-15 parts by 65 
weight of either Pregelatinized Starch or Starch 
NF or rice starch, or is 1-10 Parts by Weight of 
Sodium Starch Glycolate or Croscarrnellose So- 


Excipients 

Hydroxyethyl Cellulose 5-25 

Microcrystalline Cellulose 5-25 
Granulating Agent 

Povidone * 5-25 

Water or AJcohol-Water q*» 
Excipients 

Pregelatinfced Starch 2-15 

MicrocrystaUine Cellulose 5-45 

Magnesium Stearate 0-1° 

Colloidal Silicon Dioxide 0-5 


8. The tablet of claim 7 wherein the Parts by Weight 
refer to milligrams per tablet, and wherein the ingredi- 
ents are present either in the weights indicated or in 
such weights multiplied by an appropriate fraction. 

9. A composition according to claim 6 wherein the 
total amount of granulating agent and excipients is 
greater than about 6 but less than 15 percent of the total 
weight of said shaped and compressed composition. 

10. A process of preparing an acetaminophen sus- 
tained release bi-layer tablet comprising a first layer of 
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immediate release and a second layer of sustained slow 
release of acetaminophen according to the steps of: 

(A) preparing an immediate release layer comprising 
acetaminophen and pharmaceutical^ acceptable 
excipients; and 

(B) preparing a sustained release layer comprising 
acetarninophen as the active ingredient according 

to the steps of: . , . . . 

(1) forming a granulating agent by dissolving about 
5-25 parts by weight of the total sustained re- 
lease layer of Povidone in alcohol or an alcohol- 
water mixture; 

(2) blending together a sufficient amount of acet- 
aminophen to comprise 68 to 94 percent of the 
total weight of the sustained release layer with 
the following ingredients in dry powder form in 
parts by weight of the total sustained release 
layer as indicated: 


10 


15 


Ingredient 


Parts by Weight 


hydroxyethyl cellulose 
wicVingagcnt 


5-25 
5-25; 


(3) adding the granulating agent from Step 1 to the 
blended powders from Step 2, and forming a wet 
granulation; 

(4) drying the wet granulation of Step 3; 

(5) milling the dried granulation Step 4; 3Q tne amoun t of granulating agent 

(6) thoroughly blending the milled dned granula- greate r than about 6 percent but 

tion from Step 5 with the following ingredients . 1 ««:-t.. ~r a. 

in dry powder form; 


Ingredient 


Parts bv Weight 


erosion promoter 
wicking agent 
lubricant 

glidant 


1-15 
5-45 
0-10 
0-5; and 


(C) combining and compressing the immediate re- 
lease layer of Step A with the sustained release 
layer of Step B into a bi-layered tablet. 

11. The process of claim 10 wherein: 
in Step 1 the alcohol is alcohol USP, dehydrated 

alcohol USP, methyl alcohol USP or isopropyl 
alcohol USP; in Step 2 the wicking agent is micro- 
crystalline cellulose or powdered cellulose; and 
in Step 6 the erosion promoter is 2-15 parts by weight 
of the total sustained release layer and is either 
pregelatinized starch NF or rice starch, or is 1-10 
parts by weight of the total sustained release layer 
and is sodium starch glycolate, croscarmellose 
sodium or crospovidone, the lubricant is magne- 
sium stearate or stearic acid and the glidant is col- 
loidal silicon dioxide or fumed silicon dioxide. 

12. The process of claim 11 wherein: 
in Step 1 the alcohol is alcohol USP; 

in Step 2 the wicking agent is microcrystalline cellu- 
lose; ... 

in Step 3 the wet granulation is formed by mixing in 
a high shear granulator; and 


"in Step 6 the erosion promoter is pregelatinized 
starch, the lubricant is magnesium stearate, and the 
glidant is colloidal silicon dioxide. 

13. The process of claim 10 wherein the immediate 
release layer comprises a composition of the following 
ingredients: 

acetarninophen; powdered cellulose; starch; pregelat- 
inized starch; sodium laurel sulphate; and a granu- 
lating agent. 

14. A shaped and compressed bi-layer therapeutic 
composition comprising acetaminophen in a first imme- 
diate release layer and a second sustained release layer 
wherein the immediate release layer comprises acetami- 
nophen and pharmaceutically acceptable excipients and 
the sustained release layer comprises acetaminophen, a 
granulating agent and excipients combined into a ma- 
trix, wherein the granulating agent and excipients of the 
sustained release layer include hydroxyethyl cellulose 
and povidone, and wherein the total amount of said 

20 granulating agent and excipients is effective to bind the 
acetaminophen in a sustained release solid matrix but is 
less than about 32 percent of the weight of the sustained 
release layer of said shaped and compressed bi-layer 
composition. t . 

15. The therapeutic composition of claim 14 wherein 
the immediate release layer comprises acetaminophen; 
powdered cellulose; starch; pre-gelatinized starch; so- 
dium laurel sulphate; and a granulating agent. 

16. The therapeutic composition of claim 14 wherein 
* ' - and excipients is 

greater than about G percent out less than about 15 
percent of the total weight of the sustained release layer 
of said shaped and compressed bi-layer composition. 

17. A shaped and compressed bi-layered immediate 
release layer and sustained release layer acetaminophen 
tablet made by combining an immediate release layer 
comprising acetaminophen and pharmaceutically ac- 
ceptable excipients with a sustained release layer made 
by wet granulating a sufficient amount of acetammo- 

40 phen to comprise 68 to 94 percent of the total weight of 
the sustained relase layer with the Excipients of Part 1 
and the Granulating Agent of Part II, drying and mill- 
ing the resultant granulations, and then blending with 
the Excipients of Part III and compressing the two 
layers into a tablet, wherein the ingredients of Parts I, II 
and III comprise the following: 


25 


35 


50 


55 


60 




Range of Parts by 



Weight of the Total 


Ingredient 

Sustained Release Layer 

Parti 

Excioients 

5-25 
5-25 


Hydroxyethyl Cellulose 


Microcrystalline Cellulose 

Part II 

Granulating Aeent 

5-25 


Povidone 


Alcohol or Alcohol-Water 

q.s. 

Part III 

Excioients 

2-15 
5-45 
0-10 
0-5 


Pregelatinized Starch 


Microcrystalline Cellulose 


Magnesium Stearate 


Colloidal Silicon Dioxide 
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ABSTRACT 


A controlled release powder c onitining discrete micr o- 
particles fo r '*l fdfrK pharmaceutical and other 


controlled release compositions is dkclosed. The micro- 
particles have an average size in the ninge of from 0. 1 to 
125 urn. Each of the micro-particles is in the form of a 
micromatri x of a n active ingre dient uniformly distrib- 
uted in at least one non-toxic pol yp- er. The micro-parti- 
cles have a predetermined release of active ingedient 
when the dissolution rate thereof is measured according 
to the Paddle Metho d of U.S. Pharm^p^* XX it* 7 * 
C and 75 r.p.m. 

52 Claims, 15 Drawing Sheets 
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. _ FIO. 2ba half-tone drawing prepared from an eke- 

COSntOUXD RELEASE POWDER AND trou niicrograph of ^bnrmaSmei^^ 

FTOCTSS FOR ITS PREPARATION ventioo conufarfng theophylline after theophylline has 

been leached out by dissolution m water for 24 hours: 
i^J^Sff^SSrif ^ t ^ tkm ^«PP««ioo Ser. 3 FIO. 3 is a graph of plasma levels (mcg/ml) versus 
wo. 792,801, Wad Oct 3a 1985 abandoned. time after artmhmatrattoo for a syrup containing M phar- 

BACKOROUND OF THE INVENTION ""^^l^T^!^!^^ ^ . 

— , . . t «»• 4 ■ * r»pn of percentage dissolution versos 

This invention relates to controlled release formula- time for a smpmsion «™-**> g "pharaiasomes*' con- 
tiooannd, in particular, to sustained release powders 10 taming theophylline; 

™"d*tmg of discrete micro-particles. FIO. 5 is a comparison graph of plasma levels 

***** typo* of controlled or sustained release pellets (mcg/ml) versos time after admmistration for a suspen- 
are known which are loaded into capsules for oral ad- *km containing "pharmasomes" containing theophyl- 
inimetraAm, These pellets can be described as imxro- nne and a conventional theophyllme syrup; 
particles and invariably hive an average size greater 19 FIO. € is a comparison graph of plasma levels 
than 400 ua. (mcg/ml) versus time after adimmstntkm for two sus- 

Sustained release pellets cannot be readfly formulated pensions containing different sized theophylline con- 
as liquids. Sustained release liquids are desirable for use taming "pharmasomcs" and a conventional tbeophyl- 
ai geriatric and pediatric fonnulatioos. Ime syrup; 

Various processes are known for the production 20 t* 10 - 7 b • V*** °* percentage dissolution versus 
micro-spherss using solvent evaporation emulsion tect- for thm different suspension s containing theoph- 

niqaea. Tf^mm ^ Wr^^.^,^ tprhniqoc arc gen ylline containing ^hannasomes"; 
craDy employed for phase transforation, such as for . • a P* 00 of porcentage dissolution versus 
the co n v er sio n of liquids to solids. Alternatively, such t " BC for * ""P* 1 **"* containing acetaminophen con* 
fedmiques may be need for protecting %n acHve mate- 25 uining ".ihannasomes*-; 

rial, such as coating aspirin to mask its Tmrh irritant * * a comparison graph of plasma levels 

properties. (mcg/ml) versus time after adnmustration for a suspen- 

Sustatned release liquids are known which contain * on cooUming • oeUmiao P hcn containing M phar- 
ion exchange resms. h such sustain v***!**" * conventional acetaminophen syrup; 

active ingredient is bound to an ion exchange resin in 30 , , }° * * ^P*^ gr*ph of plasma levels 
thefcraofarevcra&fecotnpiexa^ (mcg/ml) versus time after aamimstration for s tuspen- 

from in viva Such sustained release Lquids are de- 81011 co ^ tamm * teetanimopben containing **rhax- 
scribed, for asample, in French Patent Publication No "^T™**.. . * Convcn * onal •cetaminophen syrup; 
2 278 325. ruuucmtxm wo. FIO. 11 is a comparison graph of plasma levels 

35 (mcg/ml) versus time after adminteration for a suspen* 
SUMMARY OF THE INVENTION »on containing acetaminophen ™™ fining "phar- 

It is an object of the present invention to provide a "S^^ 1 ^i!^^ et * a ^^ ,yro * 
ontrc41ed ^Oaase nowaW di*=r^c«^^ . n ?' » " • ff* of percentage dissolution versus 


controlled release powder of discrete imcn^articles * , \t » gP° f[ poreeotage absolution versus 

which can abo be formulated in other sustained release inrT -rti!T^^J^^Z^t r '., .. 

form, sach a. tablet, which have improv^pro^ ™ rZTS^Zt ^1 ^ 

It b azKXb-^ of the pre«« initio* to pro- ^°^^™ t ^ 

to^Sn^ tev^^SS '^T POW - 45 FIO^^Tof percentage di-olution versus 

M,Zl^^J^^ T ^ pnCmc ^ pna: time fc*>hannaK»e." contain^ 

ymer ° rP °^ ymer * Torchewa^tabtetsprepcrtdSfi^^^ 

( ISSSet SvZ^ 5? «^ # toobu« no. 16 is a graph of percentage daaolutioo venw 

mc^panlelei having ta avenge auof from 0.1 time for "phannasomes" oonuklas aifedipine and for 

r**o» capsules prepared therefrom. 
It is another object of the present invention to pro- 

vide controlled release antibiotic formulations substan- 55 DETAIL ED DESCRIPTION OF THE 

tiallyfree from the taste of the an tibiotk f or pbarnukcetj- PREFERRED EMBODIMENTS 

^J^^rS, IZZ!!!!?^ ^ ****** * controlled release 

otic formulatkBsare m the form of powders, inu-aque- powder rrwtamtng discrete nucro-particlcs for use in 

ocs s nspeu si oas of powders, or wc onat h-ntshte a<peoos edible, pliarmaceuticaJ and other sustained release conv 

nupeusions of powders according to the present mven- 60 pcatfons. The powder of the present invention com- 

t * OQ * prises particles contain tng an active ingredient and op- 

BRIEF DESCRIPTION OF THE DRAWINOS oonally an exctpient in btimate admixture with at least 

f A ^ . , one non-to»c polymer, each of the particles is m the 

In describing the present invention, reference will be form of a inicromatrix with the active ingredient and 

made to the accompanying drawings in which: 63 the excipknt, if present, uniformly distributed through- 

FIO. 1 it a half-tnoe drawing prepared from an dec- out the polymer. The particles have an average site of 

tron micrograph of ~ph*nnasomes" of the present in- from 0.1 to 125 ua and have a predetermined release of 

venbon containing theophylline; active ingredient The dissolution rate thereof can be 
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m a nure d according to the Paddle Method of U.S. Representative aciyUtea end methacry'jta are poly- 

Phanaacopoeia XX at 37* C ead 75 r.pjn. Preferably, acrylic and methacrybc porymen inch at thoae told 
thepertkJeahaveanavcri^szeof fromSto lOOjun. under the Trade Mark Eadrafh. 

The term "pharmaaomet" haa been coined for the When the active mcradkat it a drag there it tmea- 

microparicka of the powos accord 5 tiaDy no tohatioc on 'ha type of drug which may be 

invention and this term it used hereinafter to refer to the usee. , . . 

m^o^artick. of the powder. Repmentative activetapedkat. iachKle aataodt^ 

ThVcoBtroDed ideate powders accordta* to the antHnflanmatory to^^ 
bventk.cia^^ P«5*^ v»«dilator», •^Wect^ea. 

tt a^^^^ jb , UL , Llj , t>ff j w io psychotropics, am-cntttica, tftmnlanrt, anti-tnstaxntncs, 

TT*actrve ingredient 

dfeY^^ ' vn*oduaton. anti^ythmtes, anri-hypertenaive dm* 

ode, a flavoring agent or a sweetening agent vaaocaoatricton and migraine treatments, anti-coagu- 
J[S![^ 15 l*ntsai*ant*tfao^ 

venKkaMwiDinamtnitsstista^ . hypnotfca, sedatives, antiemetics, anti-nauseants, 
istics for a ^pet^od of dine Thcae ttti J£vu^ neoroinnacular drugs, hyper- and hy- 
vnpamnm have both chemical stability and stability m pogivcemic agents, thyroid and antithyroid prepara- 
termsof dissolution rate. tions, dim etka, anti-sp«smodics, uterine relaxants, min- 
Tbe polymer may be soluble, msotubK permeable, utrttcml additives, antt-obeatty drags, ana- 
impermeable or biodegradab^ The polymers may be bolic drugs, erythropoietic drags, snt^asthmstirt, bron- 
polymers or copolymers. The polymer may be a natural chodflatoi*, ex p ec t or an t s , cough suppressants, mucolyt- ( 
or synthetic polymer. Natural polymers include poly- ^ ^ uti-uricemic drags. 

peptides, polysaccharides and aigmic acid. A suitable Typical active ingredients include gastro-mtestmal 

polypeptide is xcsn and a suhabfe polysaccharide it 23 tedstrves such as metoctooramkle and propantheline 

ceDnlose, bromide; antacids such as alimiiiilum triplicate, alumm- 

Representstive synthetic polymers include sOcyl eel- ium hydroxide and < i mrt l flliic; anti-mflainmatory drugs 

luloses, hydroxyaflcyl oeUiloaes, ceflulose ethers, ceHu- such as phenylbutazone, indonxthacm, naproxen, fou- 

lose esters, nhro ceUula a, polymers of acrylic and profen, flurbeprofen, dkJorenac, dexamethasone, pred- 

methacryL. acids and esters thereof; polyamides, poly- 30 nisone and prednisolone; coronary vasodilator drugs 

carbonates, potyilkylene*. polyalkyiene glycols, polyal- such as gtyceryl trinitrate, bosorbide dmhrate and pen- 

kylene oxides, polyalkykne terephthalates, polyvinyl taerythritol tetramtrste; peripheral and cerebral vasodi- 

aicohoU, polyvinyl ethers, polyvinyl esters, polyvinyl lators such as sotoctidflum, vmcamme, naWdroraryl 

halides, polyvmylpyrrolidone, polyglycolides, polysi- oxalate, co-<fcrgocrme mesylate, cyclandelatc, pepaver- 

loxanes and polyurethanes and co-polymers thereof. 33 me and mcotmic acid; antiHmfectrve snbstan. cn such as 

fhe p orymer to be used is governed by its toxicity and ^/thromycm steaxate, cephalex^iiali^ scid,tetn»- 

its compatibility with the particular active ingredient Mxhne hydrc<d*>ride, amptoffin, Oiidoxa^ so- 

being used and can be selected without difficulty by <&>m, hexsmme niandetete and hexamme amputate; 

those skilled m the art neuroleptic drags such as flurax^pam, diaxepam, 

Particularly suitable polymers include: methyl cellu- 40 temsxepam, amitryptylme, daxepfa, lttttum carbonate, 

lose, cellulose acetate, ceflulose propionate (lower, me- 1* . e l axtn t a^ryou* tuch as methylDbe- 

*« <* ^-olecular wd£) ce^sceute S^^g^^ 

***** "V^^ £mic drugs suchTShenh^ 

cellulose sulphate sodmm salt, poly(meihyl methacry- chJorpoenirsini« anti- 

late) poWethyl inethacrylateX poly(butylmethacry. cHarrheal o^such as bssscodyl and inagnesium by- 
UteX polyOsobutyi methacrylateX poly(hexytmethacry- ^ the laxative dreg, dioctyi sodium sulfoaucci- 

late), polyOsodecyl methacrylate) polyOaoryl methac- oot ritional suppioueuU such as ascorbic add, 

rylateX poly(pbenyl inethacrylateX poly<methyl aery- tocopherol, thiamma and pyridoxme; ant^apas- 

lateX potyCswpropyl acrylateX poh^aobutyl acryiateX modic drugs such as dicyclomine and diphenoxylate; 
pory(cctadecyl acryiateX poty(ethyicneX poly(ethy- effecting the rhythm of the heart such as versp^ 

lene) low density, poty(ethylene) high density, poly(- 53 ^ oifedrpme, dfltratTTn, fg nraiwam i rip , disop y r sm ide, 
propyleneX polyethylene glycoIX poly(ethylene ox- bretyhum tosylate, c^ imdme sulfate and oninidme a^u- 
ideX polyethylene terephthalateX polyvinyl alcoholX conate; drugs used m the treatcvtnt of h yper tens ion 
rx>ly(vinyi bobutyl etherX pory(vinyi aeetateX poly(vi- Rich u propranoiol hydrochloride, gns^hirtrtir mooo- 
nyl chloride) and polyvmylpyrrobdooe. sulphate, inethyldcpa, oxprenolol hydrochloride, cap- 

Especially suitable co-polymers include: butyl metha- «q topril and hydrtiaxme, drugs used in the treatment of 
crylate/ntobutyl methacrylate co-polymer, high molec- migraine such as ogotanila e; drags affecting coagula- 
ular weight, methylvinyl ether/maleic acid opotymer, bility of blood such as epsilon aniHWJiir os c acid and 
methyl vmyi ether/makic acid, monoethyl cater co- prcKamme sulfate; analgesic dregs such as acetyisali- 
polymer, methylvinyl ether/makic anhydride co- cylic acid, acetaminophen, codeine phosphate, codeine 
polymer and vinyl alcohol/vinyl acetate co-polymer. 65 sulfate, oxycodone, dihydrocodeine tartrate, oxycodei- 

Reptesentative biodegradable porymers include, none, nmphine, heroin, nalbuphine, butorphanol tax- 
polybctides, polyglycolides, polyethylene terephth?;- trate, pentaxocme hydrwiiloride, cyciaxactne, petln- 
ate) and polyumhane. dine, b upi enorphine, scopolamine and mrfmamic aod; 
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tttt^pOeptk dragi such se pfaenytofc sodium tod to- The choke of solvent of solvents will be dictated by 

dkn valproate; nenrocflnscakr drugs such at daatro- the particular polymer or potynun aalactod aad en be 

tote sodkm; s a h a tances aaed k the treats** of dkbe- c*waen without diflk^ by those ik^ 

tea each ss inlhturMdili , dlrti rnaai giacagon and kealk; example, saitabkeorvanta for oae with the oattnloeas are 

drugs used ktba treatment of thyroid gi^dk^^ 5 acetote or a mixture of methanol and methylene chlo- 

aoch aa truod o t fayiunia e, thyroxine sad propytthtoarsr ride. 

cfl. dkretk drags sacfa at farosmide. cfalortiMlidonc The concentred of tha polymer k the sol vem win 

spironolactone and trkmtera*; aonaaDy be leaa than 73% by weight Normally the 

drag ritodrke; cppetite eapcre*- o oc flentfarinn will be in the range of 10-30* by weight 

an^ hydrochloride, pfaeatermine 10 V the active ingredient knot eotabkk the polymer 

and dkthytproprion hydrochloride; and aailmialh and tohnion the particle ska of the active ingredient k re- 

A**f* m+ —u^fkyffaft tfrmrh- dooed to less than 10 fiat The redaction of particle ske 

yflke, tirHr«Tr-H. orciprattlfes selpbeta and terbata- ««* *• •cbkved by asflling, for example, by bail milting 

ttnrr ryfnhstrr r¥nrr t nr«i f rtrnei mrh m ■ ■■»l.. t .i.,.«t., or Jet miffing. 

13 The active ingredient may, of eourse, be a liquid. 

^ ; nmootytk dragi sad? aa rsstiorinilisr aatiatii The ratio of drag to polymer will wry within wide 

tica each ae v r ty l tF v t M 1 " 1 "" 1 chforWt. tyH'^hihrte f wl limits, each aa withk the range of from Ol1:10 to 10:1. 

chkrhexidke; dccongeatant drags aoch aa pbenvrDro- The uniform mixture of the active ingredient in the 

r ~ ^ i~ ~a v m ^ !T ^ ^ m trypnotio Snp roch ***** soiutkn may be addeved by rapid and oonthv 

MAI nil n — liti ■ ■ r — - — - * — I. - , - , a* _ _ _ » XU QCQB HMTrtttf 

<faup «fa » pRMHthuiDe tteoS hemopoietic Tl^ ropoyri of the tolvcnt yd tte foaMttoo of 
dragi saca as ferroue rn frh a tr. folk sad — I-*—- p a rt i cles or tne oamattsenuy ne achieved m a num- 
gtaconate; uricosuric drags sacfa aa solphinpynzoDe, te **** m detc * cd bekxw * 
•Ilopcrinol and probenecid. ^ - 23 Spray Drying 


Partkakrty preferred active ingredients are: am* 
profen, acetaminophen, Vamko^sikycik acid, dextro* 


The mixture of active ingredient tad polymer k the 


methorpfasa, propranolol tbeopfayTJne, dOtkxem, !£3t£!^^ 
n^yldop^^ ££^'3^^ 

^^^^^^^2^^. » T^c?t^S£kn mayr^aTrnam- 
bacam,«nk, dkloadOk. erythromychT^^ 
* ^J^ff^ inebri ate, doxy- j^S^ 


cyciine, dipyridamole, fra se mi d e, triaintrrriie , 
nifedipine, ttmolol. loraxcpam, gtfbeaclamide, ssi- 
botamol, tr fa c thojaiiu /aal ph a ^ spcroookc- 


33 


ratio of the oonoentratioo of active ingredient to poly- 


2. USE OF AN EXTERNAL UQUID PHASE 
chloride md ^ toproiol tartrate. j,^,^ ^ fagredtent aad polymer.whkh 

Especufly preferred active kgredknta include the- kktheformofasohitionoraospenaion, kpoaredmto 
ophyflme, aoettmmophcn and pottsamm ddonde. 40 a Ikiukl exteraal phaae. The ttqukl cxtenial phaae com- 
Theac tivtingrwlientMyals obe aan^^ ^.^^klm^nrp^iiy fattttU. 

m edd)k oxnx>^tkm wherefa it i> <krired to obtam s dbk with the active kgredknt/porymer mixture. 
oocitroOed rekau of saccharin, sacfa aa» for example m The choioe of external Honid phsee will be deter- 
chewing imn^ The acdvekgredkm may sto mm^< Ky pHbakr Mmhki^ rf^v ^gr^ai. 

sweetenkg agents, sacfa a^ for example, aspartame 43 cnt and polymer selected Soitabk liqnids for the exter- 
W ^ »«P«^ Py "^d>k for ^nchewkggumi, ^ ^ inctade water, aqueoue eolations, for 
The present mveution also providca a process for » w ^ , p t% sagar aotationa, mgauk solvents, mineral oil, 
wej>*i iug the controOcd rckaee powder according to vegetable pas, fixed oik, syraps or tflkonra The ague- 
the mventmn which comprise* oas solution may tnctade a thiclrrrftng agent, aacfa as 

(a) forming a eolation of the polymer or polymers m 50 gam, to mexcaae the v k oos lt y t}i ^r vf OQs may 
asolvent; be made more viscoos by the addition of sabstaaces 

(b) dnsohong or dispersing the active ingredient k men ss magiw^wn f*—~*+» Ttm external *Vp^f phase 
•rid polymer solution to form aa uniform mtxtare; ma y r**apri^ & fo tothn of a tmr*M f »< pH, for ex- 

smple, a buffer* 

(c) removing the solvent from the mixture to obtam 53 Thr ratio rfr*+~**** '^p^ p>*" ^ p^ Vr^ rnhnfir 


nucro-p«rtkles hsvmg ni average size of from 0.1 will be at leaat 2:1. 

to 125 pm. Following additloa of the sctrvt kgredkaxt/poiymer 

The partkka obtained, preferably, have an average mixture to the external liquid phase, the twophsaema* 

ire of from 5 to 100 pm. ture obtained is imnhrftnrl, for example, by rapid mix- 

The solvent n selected from water, alcohols, ketones, 60 kg. The emulskx. formed may be either stabfc or 


hsiogenated ahphatic compo n iid a, halogenated aro- bk. Oloboks of the active kgredknt/porymer are 

matk hydrocarbon cotnprmnrts, aromaric ^ydrocarboo thereby formed fci the emulsion 

compounds and cyctic ethers of a mixture thereot The solvent may be removed k a number of wmys. If 

Especially preferred solvents include, water, hexane, the solvent b volatik it can be removed paasrvery. For 
heptane, methanol, etaanol, acetone, metbyletbyi ke* 63 exampk if the solvent is scetooe it would normally be 

tone, methyhaobotyl ketone, methylene chloride, chip- removed by evaporation during the mixkg step. The 

reform, carbon tetrachloride; toluene, xylene and terra- particles formed are then harvested by filtration of c 

bydroruran. trifugation. 
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The solvent can also be removed by heating while The niicro-paiticulate powders according to the uv 

muiag the two pbaaeouxtum For exam venoon may also be \-eed m the form of foams, gels, 

may aho be removed on a rotary fiLa evaporator. The paste, jams, mucilages and jellies, 

solvent may also be removed under vacuum with or Other suitable Ibmolatkms mcorporatlng the micro- 

without heating. Mteowave drying may also be em- 3 particles according to the invention include inhalants, 

ployed with or without the application of a vacuum. m^ g m^ l intrauterine devices, patches, biodegradable 

Another mode of solvent removal is freeze drying. woox* tocriaa mi (to topkrt farina. 

After harvesting of the micro-particles, they wOl Tm infcro-particulate powders according to thein- 

^^ y ^xf^^ C ^ Vt w ^ lhin » 3 * vention are especially suitable for formulation as liquids 

solvent, followed by drying. For example, when the 10 for oral localotpamtcral admttstxation. Thus/they 

mmS^t£^^ — * ****** 

^r^^^^^^ 45 '^^ y mjeclabte^ 
°V co S^^ jmuWficatkm of the mixture UtooTna«Js^ Tne faEbk aobfeu indude 

oTn^rf 1 ^ 15 ^veno^ 

wa^F^nS Z y ^^^l^^ su**n*ons and syrups according to the 

ways. For example, the particle atte may be controlled mventioQ m r^cubtW suitable for use in geriatric 
^U^ratoonm^^vi^ £ven*»^ 

T^^Tor"^ tially^theactivem^ 

^c^vaSn^ "^ac^ofgo^ 

The optional excipient used in aasociatkm with the 25 chewabie ^ rffa> ^^^}^ Be ^ of the mi- 
active ingredient win frequently have an active role to croj^roculate nature of 

pUy fdkxwin* aommistratiotL For example, the excipt- nence a gTaaular 

ent may be a surface-active agent which facilitates the ♦ P*™" 6 ^^^T 1 to mventKm 
trtnsport of water into the particles, for example, so- are suspens ions or syrups of broocma l relaxa nts, analge- 
dhnn lauryl sulphate or a polyoxyethylene aorbctan 50."°** ttrt H>y*epcs, anu-tussives, ami-spasmodics, anti- 
ester such as that sold under the Trade Mark Twecn a *a*uaeants, anti-histaminea, anti-epileptics and antibtot- 
product of ICI America, Atlas Division. The excip*nt ^ . . M . tt u _ # 
may also be as active transport such as, for example, ° thcr especially suitable hq md formo labom accord- 
glucose or one or more «nrian »ck ii mg to the mvention are non-aqueous s u spens ions of 
The exdpient may comprise one or more organic 35 hi S h, y **xtble or water insoluble active ingredi- 
acids which facilitate the dissolution of drugs which are ents. Suitable drugs for these fonaulation* include dex- 
pocrly soluble in alkaline media. Such acids include, for tromethorphan, guaipheneata and pseodoephedrine or a 
example, a sc or bi c acid, citric acid, fumaric acid, mahc **** thereof or potassium chloride, 
acid, fm-yink* sod and tartaric »ci d Similarly, the ex- The liquid formulation* have good shelf life snd dem- 
cxpient mav compris e one or more basic materials which 40 onstrate chemical stability and stability in terms of dis- 
^cOitate t r dissolution of drugs which are poorly solo- solution rate for up to six months. It is fsttmatrri that the 
We in acid media. Such basic materials mclucU sodium ahelf life can be as long as five years, 
carbonate, sodium citrate and sodium bicarbonate. In the liquid formulations according to the mvention 
When the active ingredient is a drug, the micro-pam- a ccocentration of active ingredient of up to 1 g per 5 ml 
cles according to the invention may be formulated in a 45 csn achieved. 

wide variety of forms. Ph arma ce u tical formulations Heretofore many drugs have not been stable in liquid 
according to the invention include pills and tablets, for form* for example, tn a l g n a V s, n ma a ftarm g a dosage 
example, coated tablets, effervescent tablets, cbewtbte regimen of every 4-6 hours. The liquids according to 
tablets, molded tablets and meh tablets. The parties the mvention offer versatility and the possibility of 
according to the invention may be co mpres s ed into so twice daily ai lmu i islrati on for a mrrUr i niriU such as, for 
tablets and optionally coated without any «*Wtfr—ft«i rramp l r, an a lgi a, snd- hisUmin e s and broochtal re- 
change occurring in the particles. Furthermore, because laxanta. — — 

of the micro-perticulate nature of the perticks they are The taste masking feature of the powders ac c or din g 

unlikely to be significantly degraded or ground by any to the mvention is of sfgniflr a nt importance in the area 

chewing action. 55 of pediatric medicine. However, tins feature is of equal 

Power formulations according to the mvention in- importance in veterinary mediriac For example, in the 

dude dusting powder and douche powders. case of antibiotics such as vythronrycm which have an 

The particles according to the mvention may also be extremely unplr ssa n t bitter taste it is virtually impoasi- 

loaded into capsules which may be either soft gelatin We to administer such s n t fta p f ic a orally to animals be* 
capsules or hard gelatin capsules 60 cause it is not possible to succeasfulry mask the bitter 

Other solid demge forms include pessaries, rectal taste. Accordingly, such known oral formulations are 

suppositories, vaginal tablets and vaginal inserts. rejected by animals 

The particles according to the invention may also be The present invention therefore m one important 

used in implants and ocular inserts. aspect provides controlled release antibiotic formula* 

The powders can abo be formulated in forms suitable 65 tions substantially free from the taste of said antibiotic 

for topical application, such as, for example, creams or for pharmaceutics! or v et e rinar y use which: 

ointments and for transdermal deb very, for example, in (a) are m the form of powders a ccor di ng to the inven- 

the form of transdermal patches. don; 
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(b) are in the form of noo-squeou* suspension* of the following examples the dissolution rate of the various 
powders according to the invention; or pharmaceutical formulations is measured by the Paddle 

(c) are in the form of rtc ons tlfu ta ble aqueous suspen- Mf tVrr l of U.S. Pharmacopoeia XX at 37* C and 73 
-f^SL^^f P 0 *** 1 aoc *^*f* to mventka. rpjXLt osing 200 mg of sample per 900 ml of simulated 
The powders according to the invention can be used 3 tt»»«ph»»i 

in pre-mixes for animal foodstuffs and other feed addi- Bnw ™ u ™ • ' 

trves. EXAMPLE I 

JjllSl^i.^^ P>cp*r**» of mteo^articJes containing theophylline 

powders according to the invention. | 0 Theophylline was ground in a motorized ball trill and 

Suitable ve t e rinar y preparations according to the then sieved through a 38 pm mesh sieve, 

invention include veterinary feeds, boluses, drenches Ctffiukytff acetate butyrate (CAB) was dissolved in 

and washes. af fl t t w to give a concentration of CAB in aceton e of 

In the agricultural Add the powders according to the 13% w/v. 

mv«ttV»amsl» ^ aaedforj^epeamtkm of controlled l5 Hezane (20 ml) was added to an aliquot of the CAB 

1?*?^^ •otokm (100 »0 with coema^nt^rr^ 

le^pc^toTacc^ A portion of the sieved theophylline (10 g) was then 

reieasTfragrance particles for use in talcum powders, >dded to the polyincr solution under constant ay tatoon 

rr tff^* , v»i^f ^K^r < rm * tir prqMiritkms, M to ensure at an even dispersion of the theophy UineThis 

Each of the particks of the controlled release powder product constituted an internal phase for the su bseque n t 

according tr» the invention represents a true microcna- emulsification step. 

trix with the active ingredient and optionally one or Magnesium stearate was dissolved in heavy mineral 

more exdpients uniformly distrftuted therethrough as ofl U.S. Phannacopoek so at to achieve s concentration 

depicted in FIG. 1 of the acco mp anying drawings 25 of 1.5% w/v. This solution was used as an external 

which is a half-tone drawing prepared 2rotn an electron liquid phase. 130 ml of the external liquid phase was 

micrograph of M pharmasocnes M co ntaini ng theophylline dfpanttd into a tall 600 ml beaker and the internal phase 

and prepared as described in Example 1 below. The prepared above was added thereto. Emulsified » was 

theophylline can be observed to form veins or a laby- achieved using a SilversonTM L-2R mixer, a kb-scak 

30 bemrgenixer. s full .peed (6,000 r.p.m.) for 2 samite, and 

structure of polymeric materials remains. m then introduced into s rotary evaporator and the ace- 

The tnicromatrix nstore of the particks can also be 35 tone was removed under vacuum. The suspension now 
demonstrated by their diasohitkm proffle. Referring, foi consisted solely of polymer coated theophylline or 
example, to Examples 1 and 2 hereinbelow, it is found ^armaeomes" suspended in the external liquid phase, 
that the dissolution rate (D) is directly proportional to On microscopic examination the particle size of the 
the square root of time (t), after an tmtial burst of release ^harmasomes M was found to range from 10 to 1 Worn, 
of active ingredient, according to the following equa- The particles were centrifuged at 2500 r.p.m. for five 

miuutes and the external phase was decanted. The parti- 
cles tvere then washed four times with b 100 ml of 
heptane to remove the external liquid phase. The final 

S^oT^ ' The absolution ^^^^^£^r 
matrix at any grventime, TlieoreticnDy the lasimole- estima^ usmg thePi^e Method of 

cule of active inpedicnt itever leeches out 1^ » U.S. Pharmacopoeia XX as indicated shove. The results 
tipn rate a asiumed to reach 100% at inftahy . ^l^^^i 

The particles according to the invention also have a 

degree of porosity which can be c a lc u lated from the m . 

absolute density of the particles inensured on a pycoom- 1 — 

etc/. The d i sso l ution rate of the particles according to 35 as 42 

the invention is also found to relate to the degree of 
porosity of said particles. 

The microparticles according to the tnvendon are to 
be distingui shed from luiu c c a p su ta in that in the latter 
the active ingredient is enc a p s ul a te*! by a polymer coat- 60 
tng, whereas in the former the active ingredient is uni- 
formly distributed throughout the pcJyineric material as 
described above and at illustrated in FIGS. 1 and 2 of 
the accompanying drawings. 

The invention will now be further illustrated by the 63 
following examples. The following examples are in- The particles were found to be tasteless with corn- 
tended to be merely illustrative of the present invention plete masking of the mormslly bitter taste of theophy 1- 
and are not intended to be timitzng in any way. In the line. 
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91 
93 

10 97 


Best Available Copy 

4,952,402 

11 


EXAMPLE 2 
Preparation of inicro-perticles containing 


12 

EXAMPLE 5 
Preparation of micro-particles containing saccharin 


Hiampsn 1 was repotted that 20 g of acetaminophen 
was used in place of 10 g of theophylline. In the externa) 
liquid phaae heavy mineral oil was replaced by light 
mineral oil A major p roportion of the particles had an 
average size of 90 pm. 

The dissolution rate of the particles wat determined 
and was found to be at follows: 


10 


Exarapk 1 was repeated except that theophylline was 
replaced by 6.5 g of saccharin sodium. The internal 
phase coasted of EthoodTM (Dow Coming's trade- 
marked ethyl ceOalose product) 45 cpa dissolved in 
ethanol to give a concentration of 15% w/v. Saccharin 
aodinm was added to 50 g of the polymer solution. The 
external liquid phase consisted of heavy mineral oil U.S. 


00 


o 

as 


o 

4? 
S3 
67 
73 
SO 
S3 
19 
91 
96 


The dissolution rati of <he particles was determined 
13 and was found to be as follows: 


20 


Tim (■*■) 


3 

40 

to 

73 

13 

19 

30 

94 

so 

ipo 


The particles were found to be tasteless 

EXAMPLE 3 
Preparation of miuo-particles containing nifedipine 

Example I was repeated except that 16 g of nifedipine 
was used in place of theophylline. The internal phase 
consisted of Eudr&gtt RS 100 TM (a product of Rohm 
and Haas) in methanol at a concentration of 33% w/v. 
The external phaae consisted of magnesium stearate in 
light mineral oil at a concentration of 2.5% w/v. 

The dissolution rate of the particles formed was de- 
termined and was found to be as follows: 


25 


30 


33 


EXAMPLE 6 

Preparation of micro-particles containing 
pseo&>ephedrine hydrochloride 

The procedure of Example 1 was repeated except 
that theophylline was replaced by 10 g of peeudoephed- 
rine hydrochloride. 50 g of CAB was used which was 
dissolved in*) ml of hexane to form the polymer solu- 
tion. 

The dissolution rate of the particles wis determined 
and found to be as follows: 
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The particles were tasteless. 

EXAMPLE 4 M 

Preparation of mkvo-paiticles combining 
d^xtrccaethcrphan hyd r obro mi de ~ 

Example 1 was repeated except that 10 g of theophyl- 
line was replaced by 10 g of dextromethorphan hydro- 5J 
bromide. 

The dissolution rate of the particles was determined 
and was found to be as follows: 


EXAMPLE 7 
Preparation of mtoo-particles co nt a inin g 


Example 1 was repeated except that theophylline was 
replaced by 5 g of carbtnoianrfne makate. The dissolu- 
tion rate of the particles was determined and found to be 
as follows: 
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EXAMPLES 

r- 


w 

F ism p i e 1 w*s repeated ex c ept that t h e o p hy lline wit 3 auljvlajley 
reptaorrl by yiajahsnnsln (1X5 g). The polymer solu- 
tion canted of EthoceiTM 4 cos dissolved fa ether to 


w 4:1 

give a conocnireooa of 25% w/v. p^Mtkyl a^pryllo aetf) 

The external phase coosamd of an aqueous solution l0 c**» **rm/ 3:1 
of sorbitol 70% w/w (sorbitol soluti on i B.P.) *» 

Upoa removal of the solvent of the im BnwwiB noli »s»isiiioiSj^ *i 

particle* or "poann— otnra" remained susjwnded fa the ~ fT 

solution. The perticlco were harveateo by do* 

the sorbitol aolutk^ The da^^ EXAMPLE 11 

particle* wm determined and was font* tobeasfol- Preparation of theophylline syrup 

Particles prepared according to Bxsnmle 1 were sus- 
peoded fa a sugar sotutto* fa water (66%) to obtain a 

<*> 


Iowa: 
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theophylline syrup contatnfai 200 mg of theophylline 
per 3 ml of syrup. When a du ifai i u red oraDy the nor- 
matty bitter taate of theophylline was completely 
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Pharmacological Data 
Theplasnulevdpco^of theophyto 
from the moan value* obtained for two sublets accord- 
fag to the data Bated fa Tabki 1 and 2 below. FIO. 3 b 
a graph of plasma levels (mcg/rd) versos time after 
idmiimtranon (hoars) for the theophylline syrup beted 
EXAMPLE 9 oo the values indicated fa Table* 1 aad 2. 

_ ... , A t . mfMm 35 It win be observed from the accompanying FIO. 3 

Example 8 was repeated wtthom decanting the eor* 33 tables 1 and 2 that the plasma levels after 10 hours 
tolaoh^Thesoapensk* m ^ from the pla«na level, 

voredandmadeap to the required strength for use as an ^ ^ Accordingly, the graph shows a pro- 
oral suspension. ^gp^ phase with a nnm^sumof fhictuatkm 

EXAMPLE 10 40 of plaama levels over 10 hour*. Normally, theophylline 

^ . w (rapid or immediate release) peaks at 2 hours. The ^ 

Preparation of mKro^iexticitt pmrert biologk^ half-life of thtophyllfae has been fo 

1>Me to range from 4-9 hours. One would normally expect 

half the peak plasma levels by 7 hours and approxi- 
mately one third of the peak plaama levels by 10 hours. 

These results suggest that the syrup prepared accord- 
fag to Example 11 could potentially be dosed quite 


Example I was repeated except that theophylline was 

replaced by erythromycin 

base, The polymer used wat 

a mixture of ceOuloie so 

etate butyrate and ceQulosc 

acetr+? phthalate fa a ratio 

of 2:1. The dissolution rate of 

the particles was determined aad was found to be as 

follows: 
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half the dosage frequency of conventional 
twn+A or immediate release theophylline. 

TABLE 1 

BLOOD LEVEL STUDY RESULTS - SUMMARY OF 
PHARMACOKINETIC DATA THEOPHYLLINE • 


ttn mm ±D. PLASMA LEVELS mct/al 

Ig*jm* AFTER ADMINISTRATION 

SURf Q(K> IjOO LOO 400 6J00 SjOO IttOO 

60 i QuOO 3.13 423 4.70 143 LOO LS9 

2 OO) IM ASS 103 3.00 4J0 423 

MEAN OlOO L03 433 4JS 423 3.63 3J3 

ST DEV 000 CIS 0.42 U23 1.10 0.92 0.W 

. _ . , f CV(%r OlOO 1S4 »J2 3J0S 25.H 23.11 27J* 

Other mixed polymers were used m the internal pbsee ^ UAX aoo 3.13 4*3 los 3i» 4jo A23 

end proved successful fa achieving a 100% release of mw goo iso 423 470 143 3 jo LS3 
the active fagredient from the particles fanned Exam- *ca*B*m 
pies of mixed polymers used were as follows: 
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EXAMPLE 12 TABLE 


Tim— l..tll._i. Ti^nilnn MEAN THEOPHYLLINE PLASMA CONCEN- 

Tneopfaylline Suspend TM^^ 


Theophylline nik70-ptrtkk«nphsrmHKX&et M (pre- ™opkvi^e 

pefedaTper Eiampte l)werc suspended in a hqtnd 20 ttmew tOMOPHYLUNE suspension 

uliiilii niwhlkn I if OJ T.fl u» 

W% Sorbitol Solution: 89.9% by weight 1.0 "J 

CHyoerio:iaO% by weight " J*? 7,1 

rXrfysubele-SOYM : 0.1* by weight Ml 

togrveainspcge*onoottttfning2ron^ 4j> 193 JJJ 

3 iL 40 125 jn 

Senir^crf the snsp crnai™ were stored £ 

tereture and tested at intervals to determine the stabil- 75 u.73 M4 

ity ofthe*Vttnnooocne^ iotaspenckn. io or J J* 

At the *ne of preparation the assayed content of 30 an Jig 

* theophylline wm ISM ing/3 ml and after 13 weeks it ™ tan S 

was 1903 mg/3 ml indicating that there had bee© — 

chemical breakdown of the drug. .m— ^. th* tk^KvU 

Tnedimolatkm rate was alao tested aver a 15 week The data .^^^ ^^gg ™ SSL 

period and the resohs are «nmar^ ^^2?!^! !L B S^ 2 ^^^^Lf^S; 

Ho 4 bte (S7%) than the reference, the tkne to peak a nd the 

la »^nmsry the data ihowi that the HMjii lainn re- doratioo of rigaatlneat blood levels fa indicative of a 

■v mm* ,n-n*ntina etoactBrfatica for at twice dairy doaaee regimen. The osoal dosage regfanen 


— . its potency and dfa aofntion characterfatica for at twice daily _ 
least 13*-**s after preparation. ^ for theopeytts* b four tk*. per day 

Pharmacologic*] Data EXAMPLES 13 and 14 


The suspension prepared as per Esample 12 was Theophylline 

tested ts t six subject bsoavailabtHry stu£y at a dose of prepared according to Example 1 and acreened into two 

720 rag (18 inQ verm a conventual sy^ fractions: . ^ 

itnea^dnctof Fs») given as two doam of 360 mg 43 E*emp«el 3 u duu i partfc he ^ having an average par- 

stOaBdfihooriThoraTifttsrTt r ^^^t^ui tick ato of less then 90 


at 0 and 6 boors. me resuns are n mm«iiini m iwwc-r «^ -~ ^ ~- — — 

and FIG. 5. In FIO. S corve (a) repreaenti the suspeo- Eiample 14-m k*o having an average per 


sion of Example" lTand curve (b) represents the Scoop- tide sta of ^ 

nyiime syrup used as « wnw« «a ' 

made up at: 


TABLE 3 


THBOPHYLLXNB SUSPENSION OP EXAMPLE 12 


TO* Sorttoi SoMoa Si) 


ftwwpyi M 55 Avtal EC 9tlM *J 

OlOO IJOO 2-00 100 400 SJO SOP 2*i» ?S!^dS2?25» 17 

0«fc* OOO 41X 5fJ0 7WD SOflO S4J0 S7.70 WMO (hi70»aarW»f) 

3 wfci OOO Jt JO 99.10 7O70 T7J0 S430 ST.10 f»J0 TT1 i l" " " 10ft F mid Oi^l 

5 «to ooo 40uoo ex to ssjo tuo alio awo wjo ohcta 

Twto OOO 4X00 SLOO Tl JO SOD 9000 9O40 WOOO o5bA*M « 

I3wt> OOO 45.S0 «l» 73-90 SOTO S4,f0 S400 99 90 « Sote Laryl S^pkM W 


TAB 1 ff 4 to produce a Mnfwnainii containing 300 mg theophylltne 

H£^jj THEOPHYIXINE P1ASMA OOHCEN* per 3 mL 

teation <^w^)^^^ « PhiiiuacotogicalData 

THEOPHYLLINE 

time (k) aoM OPHYLLPTE SUSPENSION The suspci i ainns of Framptos 13 and 14 were test** 
5 oo for bioavailabuity m four subjects at a dose of 690 mg 
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(1 1.5 ml) for the syrups of Examples 13 sod 14 vara t 
•onveattooel syrup (SomophyQme a protect of Fisoni) 
#>en« two doses of 320 mg st 0 and 6 boon. The 
rente art summarised ia Table 5 tad FIO. C la FIO. 
s\ carve (a) repra the rutpeosion of Example 13, 
curve (b) the nwpnihlnu of rrr 1 * 1* and carve (c) 
the SooopfayUae tyrap wed aa 1 

TABLE 5 
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TABLE 7 


MEAN ACETAMINOmBN PLASMA OONCEN- 


MEAN TKBOPHYLUNB 

PLASMA OONCBM- 


TmATioHa. 





Saspasaiae 

at 

aaapaarioa 

of 

Tun<k) 

Soawpfayfllat 

rtiM^ ii n 

ffnirli 14 
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0 

0 

0 

05 

9.53 

its 

1.91 
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9JI 

19* 
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144 

7.16 

Ml 

3 

7.74 
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7.47 
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1S2 

7.74 
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3.21 

144 

IS* 

6.3 

179 



7 

1X00 

174 
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12j01 
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1111 

103 

147 

9 

11.61 
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3.02 
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1.59 
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tkatioxs tact/an 



■PMKM Of 

Ttot (1) 

(DOZOL) 1 
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The results confirm the finding* for Example 12 at 
trvhrstcd in FIO. 7, wherein carve (a) represents the 
suspensi o n of Example 12, curve (b) the su sp en si o n of 
FTsmpir 1 3 end curve (c) the s u spe ns ion of Example 14. 

EXAMPLE 15 
Acetaminophen Suspension 
nrnophen "pharmssomes** p r e p ar e d i 


Acets 


t per Ex- 
ample 2 were suspender! fan a liquid vehicle prepared at 
per Frsmplc 12 to give a su sp en si o n containing 300 mg 
of arr f ■minophen per 5 mi 

The p wprnakm was stored at room temperature and 
tested at certain intervals for 30 weeks. 

At the time of preparation the assayed content was 
299.8 mg (acetaminophen) per 5 ml and after 30 weeks 
was 297.9 mg/5 ml mrtirVrtng that there was no signifi- 
cant lots of activity. 

Doting the above time period the dissolution was also 
tested sad the results are given in Table 6. 

TABLE 6 

PERCENTAGE DPSOUmOH 
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A graphic representation is given in FIO. », wherein 
curve (b) represents the conventional Elixir and curve 
(a) represents the suspen si on of Example 13. 

The data shows that although the suspension of Ex- 
ample 13 k slightly less Woavaflablc (90%) than the 
reference, the blood level is maintained rbr alnwst twice 
as long equating to halving of the dosage frequency. 

EXAMPLE 16 

*Thsrmasoms M were prepared at per Example 2 and 
suspended in liquid at per Example 13 to give a suspen- 
sion containing 320 mg per 5 ml This suspension was 
tested for biosvsilability m 6 subjects versus a conven- 
tional acetaminophen preparation (Tylenol TM Elixir a 
product of Johnson and Johnson) as reference. A single 
dose of acetsmmophen "phajmasomes" 2000 mg (3L25 
ml) was sdnmnstered and two doses of Tylenol (1000 
mg) were administered at 0 and 6 hours. The results sre 
given in Table S- 

TABLES 

MEAN ACETAMINOPHEN PLASMA CONCEN- 
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A graphic lepttstnt s t i nn of these results it shown in 
FIO.*. 

The mm\u iwion was tested for baoavsilabtHty in 6 
subjects at a dose of 1000 mg versus a iifacuuc solution 65 
(Doxol-E&rirTM s product of Rice Steele) which was 
given as two divided doses of 500 mg. The results are 
given m Table 7. 


The results are ptesea ted graphically m FIO. 10 
wherein curve (a) corresponds to the s utpattin n of 
Example 16 and curve (b) corTe sp on ds to the reference 
EHxir. The prolonged absorption profile again can be 
seen with no rigmrVant loss in bioavailability, indicat- 
ing a reduced dosage frequency. 
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EXAMPLE 17 

were prepared as per Example 2 
whh oeOuiose acetate being substituted for tha oeUuloee 
acetate bufyrees. The asaiinsioa wm prepared as per 
Exempts 16. The insrisnelrm wm tasted to a 6 subject 
bio* veilabilrry itody at a eJagle does of 2000 mg ageinat 
a reference solution (Tylenol BUbdr) given aa two 1000 
mg dose*. Tba results ara give* ta Table 9. 

TABLE 9 

MBAN ACETAMINOPHEN FLABMA OON^BN- " 

TMTWf*l<«a/tf 


oo average. The results ara tadfaatad ia FIO. II whkh 
k a graphic representation of tU aspartame sweetness 
tart giving mean* values for tha testing panel of 24 
volunteers. 

EXAMPLE 19 
Chewabls Tablet ciontssnJng aoetaarinophen 
Tha following materials ware mixed together: 
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Color 


The blend was compressed at a weight of 960 mg into 
tablata each containing 300 mg of acetaminophen, The 
tablets were pleasant to chew and the dissolution char* 
acteristtcs of the M phannasooMa M were uncharged as 
shown in Table 10 and FIO. 14 

TABLE 10 


TIME (a) 


PW9LVTTWMTB 

-THAJLMASOMEr 


TABLETS 


30 


517% 
79.1% 
95.4% 


591% 
107% 
95.1% 


The figures gives in Table 9 and accompanying 
FIGS. 11 and 12 again demonstrate the prolonged ab- 
sorption nature of the product In FIO. 11 curve (a) 35 
oofTcspoods to the suspension of Example 19 and curve 

(b) corresponds to the ref er enc e Tylenol Elixir. In FIO. 
U curve (s) corresponds to the suspension of Example 
15. cur, j (b) to the suspension of Example 16 and curve 

(c) to the suspension of Example 17. 

EXAMPLE !• 
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30 
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Chewing gum containing nncro-perticlcs of Aspar- 
tame were prepared in the following mantvr. 

An internal phase was picpar c d by dissolving ethyl- 
cellulose (45 cps) in sufficient ethanol to produce 200 g 
of solution. 100 g of Aspartame (particle size leas than 
60 microns) was disp ersed in 300 g of acetone The two 
liquids were then mixed by mechanical agitation. The 
external phase was prepared according to F Templet 1, 2 
liters being required. The internal and external phase 
were mixed by mechanical agitation and then pass e d 
through an exr^tafier. The emulsion was placed in a 
vacuum and the solvents (acetone and ethanol) evapo- 
rated. The aspartame/ethyioeDniose micro-particles 
were harvested by centrifogation. 

To evaluate the a spertam e <ont s imn g **phar- 
maaofnes**, unsweetened chewing gum was used. Pure 
a spartame powder and the prepared *>harmaeomes M 
were folded into the gum to give a 02% co n ce ntr ation 
of aspartame. Both types of gum were chewed by a 
pend of 24 volunteers in a blind, crossover manner. The 
volunteers were asked to report th.ir Deception of the 
intensity (on a scale of 0 to 10) and duration of sweet- 
ness. Op average the duration of sweetness for the pure 63 
aapattame<ontatning gum was 10 minutes. The gum 
cn^faim the M phannasomes M was perceived as being 
less intensely sweet but observably sweet for 30 minutes 


In FIO. 14 curve (a) corre sp onds to the dissolution 
pattern of the ^harmetomes" of Example 19 and curve 
(b) to the chewable tables prepared therefrom 

EXAMPLE 20 

"MerT Table* Containing Acetaminophen 

Meh tablets are similar to chewable tablets except 
that they dis in tegrate rapidly in the mouth and r$o not 
need to be chewed. Such tablets were prepare'' as fol- 
lows: 


1000 g 
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The blends was compressed at * weight of 8S2 mg to 
give tablets each containing 300 mg of acet ainir jophetL 
The disintegration time of the tables was leas than 30 
seconds and the dissolution rate of the •^harraaaonx*" 
was unchanged as indicated in Table 11 and FIO. 15. 

TABLE 11 



DtS30WP9 N *4TB 


TTMB (fa) 

*THA*MAJOMBS- 

TABLETS 
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517% 

401% 
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79.1% 

II.T% 

6 

95-6% 

93.5% 
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la FlO. 15 curve (a) corresponds to *e dissolution 
pattern for the •^tanaasomea" of Example 20 tad 
cun-i (b) to Um melt tablets prepared therefrom. 

EXAMPLE 21 
r^ pp f t ^ n^m\n\ng Nifedipine 

"Pharmaeomos** were prepared t * per Example J. By 
nature they were free flowing and only 0.3% magne- 
sium stearate Deeded to be added to prevent sticking 
during capsule filling. TLt equtvakiU of ttmg of nifedi- 
pine was cnrspsnlsterl mto atee Na < two piece hard 
a -hfr. capsules. The diseohniou rate remained un- 
changed at shown In Table 12 and FIO. li. In FIO. It 
curve (a) corresponds to the dissolution pattern for the 
M pharmaseooies M of Example 21 and curve (b) to the 
capsules prepared therefrom. 
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dtent, because a 100% release of active ingredient can 
be achieved even when an insoluble polymer is used. 

While preferred embodiment* of the invention have 
bean shown and described, h will be understood by 
persons in the art that various changes and modi- 
flrt tfr— may be made thereto without departing from 
the spirit and soope thereof at defined by the following 
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TTME (b) 
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EXAMPLE 72 
Non-Aqueous Suspension of Potassium Chloride 
A ooo-equeous suspension of potassium chloride-con- 
taining "pturmisomes" was prepared, having a concen- 
tration of potassium chloride of 300 mg/5 ml and which 
in addition to the "pharmasomea" contained the follow- 
ing ingredients: 


OH USP (Soy, oouoa teed) 
Softool Powder USP 
Aerxil R 9T2M 
Too* OT 1M 
Citric Add 

CbocoUtt fbvor § 396676 
HiTHTTk** mxst flavor #395496 
Flavor rwha a rrr 
Brows Lake dye 
Thaandn dk » ki c 


423.00 ml 
100.00 f 
12.30 g 
0l3O % 
0.033 f 
0.32 ml 
a37 ml 
1.00 t 
0.03 g 

ato % 


30 


33 
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The total volume of the suspension without the 
"pha^naso^nM' , was 500 mL 

The Sorbitol powder USP and Aerosil R 972M (a 
product of Duphar, at Dutch company) were dry 
blended and then ball milled with the ofl mix to produce 30 
an even disp er si on. The Tenoi OT 1M (a product of 
Tennessee Eastman Corp.) which is an antioxidant tad 
the citric acid were dry blended and then dispersed with 
constant agitation into the oil mixture. The chocolate 
and chocolate mint flavors and the flavor enhancer 33 
were then dispersed into the oQ mixture. Finally, the 
Brown Lake dye and the titanium dioxide were added 
to the oil mixture and the resultant mixture was agitated 
for one hour to ensure even dispersion of the various 
ingredients. An amount of potassium chkmde-contam- 60 
ing • 4 phanna*omes , \ prepared according to the proce- 
dure described in Example I but substituting potassium 
chloride for theophylline, and equivalent to 300 mg 
potassium chloride per 3 ml was blended together with 
the oil mixture resulting m an evenly mixed suspension. 

Although not wishing to be bound by any theoretic*] 
explanation of the invention, it is believed that the poly- 
mer substantially but not entirely coats the active mgre- 


What to claimed is: 

I. x controlled release taste masked powder contain- 
ing discrete fldcro-perticWfor use in edible pharmaceu- 
tical and other controlled release compositions, said 
powder coe np ris in g particles co n ta inin g an active tngrc- 
dient in intimate admixture with at least one non-toxic 
insoluble, permeable, taipermeablc, or biodegradable 
controlled release polymer, or mixtures thereof, in an 
amount effective to provide a predetermined and con- 
trolled release of said active ingredient, each of said 
particles being in the form of a micromatrix with the 
active ingredient uniformly distributed throughout the 
matrix, but not entirely coated by the polymer, said 
particles having an average size of from 0.1 to 123 um, 
being unlikely to be significantly degraded or ground by 
any chewing action, and having a predetennined release 
of said active ingredient 

X a controlled release powder according to claim 1, 
wherein the particles have an average sire of from 3 to 

100 UAL 

3. A controlled release powder according to claim 1 
wherein the active ingredient is a drug, a nutrient, a 
flavoring agent or a sweetening agent 

4. A controlled release powder according to claim 1 
wherein the active ingredient is a coloring agent, a 
fragrance, a herbicide or a pesticide. 

5. A controlled release powder according to claim 1 
wherein the polymer is selected from the group consist- 
ing of: alkyl celluloses, hydroxyalkyl celluloses, cellu- 
lose ethers, cellulose esters, nitro celluloses, polymers of 
acrylic and methacrylic acids and esters thereof, poly- 
amides, polycarbonates, polyalkylenes, polyalkylene 
alycols, polyalkylene oxides, polyalkylene terephthal- 
stes, polyvinyl alcohols, polyvinyl ethers, polyvinyl 
eaters, polyvinyl haiidea, polyvmytpyrrolidooe, poly- 
glycohdes, polysiloxanes and polyurethanes and co- 
polymers thereof. 

6. A process for preparing a controlled release pow- 
der according to claim 1, which co m prises the steps of: 

(a) forming a solution of the polymer or polymers in 
a solvent; 

_ (b) dissolving or dispersing the active ingredient m 
said polymer solution to form an uniform mixture; 
and 

(c) removing the solvent from the mixture to obtain 
micro-particles having an average size of from 0.1 
to 125 um. . 

7. A process according to claim 6 wherun the parti- 
cles obtained have an average six* of from 5 to 100 um. 

g. A process according to claim 6 wherein the solvent 
» selected from the group coiisistiiig of : water, ak»hols, 
ketones, halogenr red aliphatic compounds, halogenated 
aromatic hydrocarbon compounds, aromatic hydrocar- 
bon compounds and cyclic ethers or a mixture thereof, 
and the solvent is removed in step (c) by spray drying, 
ose of an external liquid phase, phase separation, mterfa- 
cial polymer deposition or coscervatkm. 
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9. A pharmaceutical cctnpoattkm oootamlng a phar- 
inaoeutically affective amount of a ooutoolled raleeee 
powder aoooftUag to claim L 

IfcAphannaoeutWoomiK*^ 
maoeuticiJly affective amount of a controlled rekaae * 
po wder according to claim 1 and which b ia the form or 
tahlets, capeulea, eufmoeitoriea, impUnu or ocular in- 
eerta. 

1L A pharmaceutical compoe^ 
9 which it m the form of cbewabU tablet* or melt tab- 

IX A pharmaceutical compoeitioa containing MJ 0 * 1 " 
maceutically effective amount of a controlled reieaae 
powder according to claim 1 and which ia m the form of 
a cream, an ointment or a formulation ratable for trans- 
dermal delivery. . . 

13. A pharmaceutical compoartion containing a phar- 
maceutically effective amount of a coo •rolled reieaae 
powder according to claim 1 and which ia m the form of 
a liquid for oral local or parenteral admmiatrntion. 

14. A pharmaceutical compoaition according to claim 
U, which ii in the form of eye dropa, nasal drope, ear 
drope, a repetition, a lyrup, or an mftgion or injectable 

solution. « _ « 

15. A pharmaceutical ooopoBtioo aooordma [to clam 
9 wherein the active mgredient u selected from the 
group conaiatmg of fcuprofen. tcuminoplieB. ^amo- 
udicyclic acid, dextromethorphan. propranoKv the- 
ophylline, dfltiaxem, methyMopa, paeudc*g«edrme, 

■ " ccphalexu. oephacJor. cepfendme. na- 
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>«. A controlled rata*** antibiotic funnulatio* aub- 
JSaUy ISifto* the taata of arid «tlbWofer phar- 
aaotuueal or vaternwy um which comprises a coo- 
trolled rekaae powder aor**d»| to clato 1. 

jSTab antibiotic forxuiatioo aooordlng to claim M 
whereto t«* powder is to the form of a oon-aqueou. 


Ta\ M Aaaatiblotic formulation according to claim M 
which b fa the form or a teoootrittitahk aovaou* »u»- 
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proxen. puxixicem, diazepam, dfclofenec, mdometliaa* 
amoxycillin, pivsmpiefflm. bacampkallm, Adoxaallm. 
erythromycin, erythromycin ^ 
codergocrine mesylate, doxycyclme, tW***™* 
frusemide, triamterene, saKndac, nifedipine, atenolol, 
lorazepam, gnhenclatnide, aalbtttamol. tnmethoprnn/- 
T ni r J>.m#« hQ«««ole. apir uuu la f tnrtf . carttnoxaminema- 
ieateTgnarpheaeam, metoprolol tartrate and potaanum 

chloride. . . ,. ^ . . 

tt. A pharmaoeotical compoartion accc*dmg toctonn 
9 for oral adimrastration, wherein the active ingredient 
is theophylline. ... 

17 A pharmaceutical composition accordms to claim 
9 for oral administration, wherein the active mgredient 45 

a acetaminophen. . 

IS. A phannae«tical coinpoaroon a«or^ 
9 for oral administration, wherein the active ingredient 
it potaadnm chloride. , 

vTZx oral fonnnlatioo for "inmnstrst^ to hunian jo 
and non-hnman animal which ia snbatasttaDy tree or tte 
taste of die active ingredient compriaing a controlled 
reieaae powder according to claim L 

20. AToTrformnbbon acc«ximg » daimW winch 
is in the form of a Squid, chewabte tablet, melt tablet, 
foam, gel or gum. 

2L A chewabie gnm which contain* as sweetening 
.gem Mpartame^Mrtammg micrc-partictes according 

to j^non^a»oaaBapeB^rfa highly water-ado- 60 
Me or water-maotable active ingrtdieOUwterffl fte 
active ingredient ia m the formof "W^ 0 *' 
controlled reieaae powder "V^,, 

23. A nonaqueous anapenaion acconfcng 
wherein the highly water-soluble activ e mgredien t » 65 
•elected from the group consisting of dexttometnor- 
^^guaiphenesin and paeodoephedrme and aalu 
thereof and potassium ch lo ri d e . 


ZlA controlled reieaae powder coetainiag dtacrete 
mtaoiSe. tor use » ^^^^^ 
SaeTcom^oUed reieaae ccmpoattioas. »ld|»wte 
coSriaing particle. cc*tammg an active hyedtent in 
nStt^S^whh «le^«r-c^po^er. 

wherein add polymer aobattatWly J« "^TS^ 
coat* the active ingredient, each of said partidabetog 
form of « mteomatrix with the ^mgredient 
uniformly aistribated throaghoat the > matii* , jmd pam- 
20 ctohavrng an .verage die of from OHo 105 ua^ 
i&»oU*iL rate of active ingredient from sa*l parocle. 
which ia substantially l>rocortional »«^»^™« or 
time, amid active mgredient aelected from the group 

CC r ^top1amide bromide, propanthdii^ brc^de, 
alnmmium triailicate, aluminum hydroxide, ctmetj- 
dine, phenylbataxooe, mdomethacm, naproxen, 
torprofen. flnrWprofen, diclofenac, dexametha- 
sone. prednisone, glyceryl trinitrate, "f^^de 
S^emWnritol tetranitrate. totocddJum, 
vtacmnmeVn^klroraryl oxalate, cc-dergocrme 
mesylate, cyclandelate, papaverine, mctommc 
^ «y\hromycta ^atearate. cephalexm. nalidLuc 
~^ tetracycline hydrochloride, arnpiollm, 0u- 
cloiacillin sodium, hexamine mandelate, liexamme 
hippurate. flurazepem. diaiepan^cmaiepan^ amit- 

ri^/chlorpromaane, thiondazme^upera^ 

aupbenaxine. ^^^^^^,^^1 
hne hydrochloride, h nip r am me, desrnethytampra- 
anne, methyrptenidate, ephedrine. 

isoproterenol. ^^ a ^ B ^ Sf,X ^^^^. 
hydrochloride, diphenhydram ine, ^^y^T 
Hnt, chkrpbenirsmine, broirirAeniramn^btsaco- 
dyl. magneshnn hydroxide, dioctyi todtum solfo- 

mine, pyridoxme. dicyckmme. drphenoxyjate. 
vc^ami nifedipine, dfluatem. proomamide. 

diopyrmmde. ^^^^^S^^ 
onrnidine ghxxx^te, propranolol hydrochloride, 
SanSne i nwiorn rph alr, mediyidopr, ox- 
J^Tydrochteide. captopriX hyj^to 
erKOtamine, =psflon atninocaproic sod, protamine 
•uST^rytalteybt: ^ff^^^ 
deme phoaphate, codeine autfate, cayoo*>oe.day- 
drocodeine tartrate, oxyoodemone. "^^Pf™*^^ 
oin, MJbaphine, botorphanol ^^^* XOC ^ 
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phine, acopoUmine, merenaanc aart,^>enytc-i 

batamide, diabenaae gluoigon, msuUn. trh odothy- 
ronine, thyroxine and prooytoioarac^ taose- 
mXchlorthalidone. rrydrocUorttaawle. •ptrooc- 
Sctone. tr-mterene. rtolrine. •W^J^ 
nine hydrochloride, phenterr^a^ diethjrtptop- 
rion hydrochtoride, «m^hy^ th^h^lfae, 
Mlbutamol, ordprenaBne sulphate, terbutaune aul- 
phate. guaipheneam, dextrom-rthorphan, 
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thridu, Citorhabotoe, pbe^lprooMOlttriint, pam- '^"fSSLSS.l composition containing a ph*r- 

ooephedrtoe, <Mchlori tphmi i in « ■ W**!* 0 ; JLtS^SSS^Sm«t* oootioltod releaae 

n^ztoefreoclate. ferro«r wife*. fote«cid«nd "^^^TeSr «d which to la the fonn 
calcium gluconate, •ulphinpyrmxooe, altopntool 5 V^Sll^mL. local or parentmal «hatotoik». 

•ad probenecid. HLJL ubaiuiauiulh al |»wlliim * ■ miIIiii in rliii- 

2*. A controlled release powder acooritog » data ™~ rf ^ (fa0|M| ^ ^ ear 

r,wherdnthepMtfctohavttn»ver«ieriieofftom5 ^.^.^^..yn^wMtaftoorlBjecttWe 

9. A controlled rekaee powder accordtog to claim lu " ^ r i MWt ia < Mntte«leoBac<hk»aooordfaigtocl«aB 
r, whereto the «cthrefa«rediealbidnii.»mitrto » whereto the active ingredient fa idected from die 
flavoring agent or a i wanning agent. group consisting offccprofen, »cilimnY^nen. Moo- 

38. A oootroDed release powder according to cUn „Ucylic acid, deitraeaethorphan, propranolol, "f 0 ^ 
r, whereto the asdvebigreo^ fa a ccJoring agent, a „ ^ <HWu!aB , mewyidope, 1^25!™^^ 
fragrance, a herbicide c« a pejodde. dme, cephalexin, cephaclor, oepln^dfae^Mproxen. 

3L A oootroDed rekaae powder acrr rmng to claim pirojdcem. diazepam, d "°^» c ;J nd ??^S: ^£ 
27, wherein the polymer it telnet*- from the groop ^am, pivampidffin. baca m pi aTlm ,d^Tj^ nnv eo^h- 
«o«sth*of:alk£oenu^ Jcanycin. erythromycin ^S^SSSS^i^Si 

m^ac^^methac^add.^ a*?-*^" 1 ^^ 

polyamidca, porycarbonatea, poryalkyienea, polyalkyi- gUbenclannde. mMM 

enT^co* po^cyieoe^idea. polyalkyJene tereph- thoxaxole, *r ^^^ ^^J ^^ 

Sa^SyvtoVuk. ob,poryvtoyl ether*, poryviayi goaipheneu t .«pio1o1 tartrate and potaman chlo- 

estera. polyvinyl baUdea. poryvtay^ynioadoe*, poly- 23 ride. ._^ n ^ caaoo ^ 

3XAr^teprep^rtooconW fa Jeoph^ae^ eo.pcamon acoc^tockan 

^■ccoro^tocUtmlT.whKAcccnpn^t^ttepiof. ^^^^^~~bo^the .cave ingredient 
(*i fanning a iplntko of the polymer or polymer* m 30 33 for oral -J^^ aoon, w—w. 

w iwmin . r— „ acetamino ph en . . ,. . . 

a advent; ii i .iI h imi^i i utira l i mi irmaitV"' to dagm 

(b) ciimolving or cSapcratog the ^J^^S"" ^ J^^^^h^ the active ingredient 
aid polymer .oluoon to form a umform nnxture; ^^2mSST^ 

and. „ An oral formulation for adnnaistratjon to human 

(c) amoving the ,orvent&t« the n^^too^ 35 J'^^^Twhich » *im*tantially free of 
nricrc-partit^bavmg an average «offi i«n 1.0 4* fite o( Use active ingredient comprwng a coo- 
to 123 pm. troOed releaae powder a ccordin g to claim 27. 

33. A proceat according to daim 32 wherem the 44. An oral formulation according to claim 45 which 
particle* obtained have an average sxe of from 5 to 100 ^ b fa ^ ^ . bqmd, diewabte tablet, meh tablet, 

urn. „ , . . _ foam, gel or gam. . 

34. A proceat according to dam 33 ; wherem the ^ A cbewabk . which con tama a e s weeten ing 


solvent fa adected from the group c on afarin g oft water, Mr^tame^xjcrtamtog micro- particlea according 

Alcohob. ketone*, halogrnatwl aliphatic cocapo unda, \ ^~ ti 

M itiiiiinl aromatic hydrocarbon compound*, aro- <} ^ a n w t^queoua au a p coaica o/a hgfa ly water-aolo- 

matic hydrocarbon mmp o t i n rti and eyefic ether* or a ^ w wsterHnaolable active ingredient, wherem die 

nrixtare thrnsoC and the aolvent « removed in *tep (c) ^^f^n « ta die form of nMcro^articlea of a 

byapraydrying.«aerfa.exten«db^i)^ controlled rekaae P°r^a^€^$toOmmV. 

.elation. interB«mi«r^ 4». A non-acpeoua «P«~«^Jf^Zb 

SonT JO whrrein the highly wa*er-aoh»ble actrv t mgrem ent n 

35. A ph«riD«»itic«J compoamon «)nttimng a phar- ejected from the group c cetti atmg of de^ou^thor- 
amceuticaDy etfectiv7amc«t of a controlled releaae ^ .^phenain and p at ud .i. t i hrrlnnr and aata 
nowder accordtog to claim 27. thereof and potaauum chloride. . . . 

3CA puTu^Aur-r.t compemtion conmining a phar- SO. A controOed ^^^^ffj^^^T 
^eub^^ctiveTnxxnrtof..^^ 55 «*nnally free from the taate ^J^""^^. 1 *™^ 

4^SS^^27«aiwhichfamthef6rmof n«««tical c* veterin-Tr.^^ 
!Srr ZZTw ■ u ^ua iit M ^ faBDtanta or ocular to- troDed releaae powder aooordmg to ctohn 27 
taMeta. capnuea, — ^ ^ .^ajotic f ut mulatirm accordmg to cban 30 

^ AvhMTTBMX^compo^icxxx^toci^ whereto the pc^ fa -tlierxmrf a noe^q«o« 
35 which fa to the form of chewaWe mbfa* or meh m -V^^ m 
■l^phmTnace^amn*^ which fa to the form of a resonatataWe aqoeoo, s«- 

oacemically eflective arnoont of a controDed rekaae penmon. 

powder accordtog to ebon 27 and which am the form ^ 
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[57] ABSTRACT 

Synergistic compositions comprising an antioxidant and 
an arylpropionic, non-steroidal anti-imflammatory drug 
used to treat certain diseases are disclosed. The compo- 
sitions inhibit production of arachidonic acid cascade 
end-products which have been implicated as causes of 
tissue-destruction in periodontal disease. The composi- 
tions are administered in combination with a carrier, 

which may be a mucosal-tenacious polymer selected 

from the groups of semi-solid pastes, gels, ointments, 
liquids or films. 

12 Claims, No Drawings 
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1 These and other objectives are achieved by providing 

TREATMENT OF DISEASE MlMnnimn|MKJ ,,„,„ (NSAID) The uuxidnt » 

BACKGROUND OF THE ,NVBNT,ON , ^ *SEffl!^tt*SE 

Periodontal disease is an inflammatory disorder of the precursers including beta-carotene. The arylpropionic 
supporting tissue of teeth. Without control, chronic ^SAID j s preferably an alpha-arylproprionic NSAID, 
inflammatory condition associated with periodontal mQ$t ferably, ibuprofen, flurbiprofen, ^oprofen, 
disease will destroy tissue supporting teeth and eventu- w fenoprofen or naproxen. The antioxidant and NSAIU 
ally result in teeth loss. are com bined with a pharmaceutically acceptable car- 

Attempts have been made to alleviate periodontal rier The compos jtions are preferably formed into a 
disease using chemical agents. For example, U.S Pat. , aminate occlusive dressing, tablet capsule, pill, solu- 
No. 4,789,662 to Thomas-Leurquin et al. discloses a tion £e i susp ension. or the like. In these types of formu- 
pharmaceutical composition including collagen and a , 5 , ationSi ant iowdant is preferably present in the composi- 
chlorhexidine antiseptic and anti-inflammatory sub- tion in the range from about 0.01 to 10% by weight, and 
stance. However, the traditional mode of prevention most re ferably 0 .03 to 2% by weight. NSAID is pret- 
and treatment of periodontal disease has centered on ^ present in the composition in the range from 
maintaining good oral hygiene. This consists of, among Q Q , tQ lQ% by we ight and most preferably O.ui 

other things, removal of dental plaque which is constd- 2Q ^ 2% fey weight A , terna tely, the composition may be 
ered to be the etiological cause of dental canes and COfnp ounded in a mucosal-tenacious polymer, preiera- 
periodontal disease. Dental plaque consists of microbial a watfir or wate r dispersible karaya gum, 

masses which deliver a stream of enzymes, endotoxins eth lenc OJtide polymer, sodium carboxymethylcellu- 
and exotoxins onto gingival and marginal penodontal Jo$e Qr , ower alky , vinyl e ther-maleic acid anhydride 
tissue leading to inflammation. The resulting inflamma- „ , mer . The polymer, having the therapeutical y 
tory response triggers a series or catabolic processes. effective composition therein, can be applied directly to 
Specifically, as tissue reacts to protect itself from these the gingiva | t i SSU es. 

toxic assaults, complex changes occur in the immune __ TAII Fn DESCRIPTION OF THE 

system in the function of osteoclasts, in the activity of DETAlLED ,5v E NTION 
lymphocytes in the blood streams, and in other bodily 30 INVENTION 
defenses. These changes and complement activation Antioxidants reduce the oxidation of arachidonic acid 
lead to increased prostaglandin formation at the mllam- comp eting for enzymatically formed oxygen radicals 

mationsi.e. A . . during arachidonic acid cascade. The result of ^»com- 

Prostaglandin. and related compounds, are pnnci- etition i s a decrease of prostaglandin synthesis and a 
pally formed by body cells at the site of tissue injury by 35 concomitam decrease in plaque-induced gingival in- 
a process known as arachidonic acid cascade This pro- namrnalion in addition to the tissue destruction which is 
cess occurs when essential fatty acids, especially lin- associated therewith. Non-steroidal anti-inflammatory 
oleic acid are enzymatically converted into arachidonic d (NS A1D) treat inflammation, but have limited 
acid, which in turn is further metabolized through ei- effectiveness in Fighting the underlying disease origins 
ther the cyclooxygenase or lipoxygenase pathways to 40 of the inflammation. . 
prostaglandins (PGS). According to the present invention it J« taen d»- 

Prostaglandins, particularly prostaglandin^ covere d that the combination of one or more antioxi 
(PGE 2 ) have been implicated as components of the dants and one or more arylpropionic, non-steroioai 
inflammatory reaction. Goodson et al.. Prostaglandins, anti .i„nammatory drugs produces a synergistic result n 
6 81-85 (1984) and El Attar et al., J. Periodontal, 52, 45 lhe treatment of inflammatory diseases, and in P>*uc«- 
- -16-19 (1981) demonstrated that JPGEj levels are ele- ^periodontal disease, by the reduction or proP^ 1 "" 
vated in inflamed gingiva when compared to normal of prostag l andin formation at the ' nfl ™£" 
gingiva. OfTenbacher et al.. J. Periodont. Res 2 . Pr eferably. the antioxidants are JP h *£Sfc 
101-1 12 (1986) demonstrated that extremely high levels corbic acid or pharmaceutically Jfffj^J ™f. 
of PGE 2 are present at periodontal sites of acti ve attach- 50 thereof, or Vitamin A and its 

ment loss and low at sites which are in remission, f.e. caro tene. Other antioxidants may be utilized in the pres 
There snotongUudinalattachmentloss.ThePGE 2 level e nt invention The NSAID is preferably 
n diseased tisue approximates 1 uM (OfTenbacher et ionic compound, preferably « ?>P^S &S 
a. JP^on. ReTw. 1-13 (1984)) which is a phar- ^id or pharmaceutically acceptable salts ^jTSjch 
macologically active concentration when tested in van- 55 compounds may be represented by the following lor 
ous model systems to induce vasodilation, bone resorp- mu i a 
tion and other pro-inflammatory responses. 

Despite this evidence regarding the key role or CH, 
PGE 2 in the pathogenesis of periodontal disease, there r-ch-CO,H 
has been substantially little appreciation of the use of 60 

drugs which inhibit PGE 2 synthesis in an attempt to ar0 matic group and the compound pos- 

retard or prevent periodontal tissue destruction. where ^Jf.^™^ 8 parties. Most preferably, 

SUMMARY OF THE INVENTION the alpha-arylpropionic acid is ibuprofen, flurbiprofen. 

Accordingly, it is an object of «he invention to pro- 65 ^^^S^^^S^ activity of the 
vide new compositions and a method which inhibit £j er ^£ £"„ Yo the y present invention, the 

prostaglandin formation and are therefore useful for the ^XgZ^o tSg was affected. A large pool of 
treatment of periodonUl disease. loiiowmg 
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inflamed human gingival tissue was obtained from pa- ministration of the composition are forms such as lami- 

tients with periodontitis who were undergoing routine nate occlusive dressings, tablets, capsules, pills, solu- 

periodontal surgery. The tissues were immediately lions, gels, suspensions and the like, 

stored in liquid nitrogen prior to use or were used fresh. The compositions of the present invention include an 

The assay of cyclooxygenase products was performed 5 effective periodontal disease reducing amount of the 

as a modification of the assay of El Attar et al., J. Perio- antioxidant and NSAID in combination with the phar- 

don. Res., 21, 169-176 (1986). Pooled tissue was maceutically acceptable carrier. The amount of active 

weighed and homogenized at 0*-4* C. with a Poly- ingredients in the composition are about 0.01 to 10% by 

tron® (Brinkman) homogenizer in a 0.2 M TRIS weight for the antioxidant and about 0.01 to 10% by 

buffer, pH 8.0, at a final concentration of 20 mg/ml. 10 weight for the arylpropionic, NSAID. The preferred 

After centrifugation for 10 minutes at 1200Xg, the weight % are about 0.03 to 2.0% for the antioxidant and 

supernatant was divided into 3 ml aliquots for incuba- about 0.01 to about 2.0% for the arylpropionic, 

tion in the presence or absence of a test compound. NSAID. The carriers may include other materials such 

The test compounds were tested in triplicate over a as lubricants, e.g., stearic acid or magnesium stearate, 

concentration range of 10" 8 to 10" 14 M. For example, 15 fillers such as lactose, sucrose and corn starch, desegre- 

alpha-tocopherol from 10 -IJ to 10 — M was coupled gating agents such as algeic acid, surface active agents 

with ketoprofen from 10~ 8 to 10~ M M range in a total for use in injectable solutions or suspensions, and the 

of 3x7 matrix combinations in order to determine the like. 

synergistic effect as well as the IC50 (dosage concentra- According to another embodiment of the invention, 

tion to reach 50% inhibition) of the combination. 20 the synergistic compositions may be compounded into a 

Prostanoids were extracted as described by Powell, carrier which has a strong and continuing adherence to 

Methods in Eng., 86, 467 (1982) using a Sep-Pak-Cis the oral gingival mucosa. The carrier may then be ap- 

cartridge from Waters Associates. The Sep-Pak was plied to gingival tissues for two hours or longer in order 

prepared by the sequential elution of 20 milliliters of to achieve a protracted topical therapeutic effect. Com- 

ethanol and 20 milliliters of water. The sample was then 25 positions of preferred vehicles which have acceptable 

adjusted to 15% ethanol, pH 3.0, with acetic acid and properties are described herein as "mucosal-tenacious" 

applied to the column. The column was eluted with 20 and may be created from a variety of water-soluble or 

ml of 15% ethanol, pH 3.0, 20 ml of petroleum ether and water-dispersible polymeric materials combined with 

then the prostaglandin Tx (thromboxane) was eluted other adjuvants. 

with 10 ml of methyl formate. Thereafter, the methyl 30 All such materials used in the vehicle however, must 

formate was evaporated to dryness with nitrogen and have certain properties in common which are summa- 

reconstituted in 32% acrylonitrile (high pressure liquid rized below: 

chromatography buffer). (1) They must be virtually non-toxic systemically. 

Previous experience had revealed that the recovery (2) They must not irritate or damage bodily tissues at 

was greater than 92% from PGE2, PGI2 (as 6KF1), 35 the site of the application. 

TxA2 (as TXB2) and PGF2. These are readily separated (3) They must be water-soluble or water-dispersible 

and quantified using a 4.6x100 nm RP-18 Spheri-5u polymeric molecules. 

column from Brownie Labs. A Flow-One radioactivity (4) They must be chemically and physically compatible 

monitor simultaneously measured radioactivity while with the synergistic composition. 

monitoring elution at 192 nanometers. 40 (5) They must have a stiong and persistent adherence to 

The net incorporation of the 14c arachidonate was oral mucosal tissues, preferably for a minimum of 2 

measured in the absence of the test substance in order to hours after application to affected tissues, 

determine the maximum activity of the cyclooxygenase (6) They must allow the slow diffusion of the synergis- 

cascade. tic composition from the vehicle so that it can contact 

The following Table 1 indicates the percent of con- 45 and permeate the mucosa at the site of application for 

trol (maximum) PGE2 synthesis as a function of alpha- protracted periods of time. 

tocopherol and ketoprofen concentration. (7) They must be readily removable from the site of 

TABLE 1 


Percent of PGE2 Synthesis 
In Presence of Ketoprofen and AlphB-Tocopherol 



Alpha- tocopherol 
Concentration (M) 


Ketoprofen 
Concentration (M) 

,0-M , 0 -13 

, 0 -l2 lo-ll 10 - 10 

10-9 

io-» 

Al 10- |4 M 

102 129 

116 131 112 

75 

97 

Al I0" 13 M 

105 68 

101 82 62 

61 

36 

At 10" 12 M 

66 68 

41 62 48 

M 

49 


As can be seen from Table 1, the exemplary composi- 
tion of alpha-tocopherol and ketoprofen in combination application by use of mild mechanical abrasion and a 
resulted in a synergistic effect in the inhibition of PGE2. 60 non-toxic detergent solution. 

Specifically, alpha-tocopherol lowered the IC50 value The mechanism by which a polymeric material bonds 

of ketoprofen and ketoprofen lowered the IC50 value of to oral mucosal tissues is complex. Jt is believed that 

alpha-tocopherol. chemical, physical and mechanical bonds form as per- 

In carrying out the method of the present invention, meation of molecules takes place into the irregularly 

the antioxidant and arylpropionic, NSAID composition 65 contoured surface of the mucosal substrate. Since all 

can be combined with a pharmaceutical! y acceptable body cells in vertebrate animals carry a net negative 

carrier and administered orally, topically or bucally to surface charge and most polymeric agents carry a net 

the patient in need of treatment. Suitable forms of ad- positive charge, an electrostatic bond develops due to 
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coulombic attractions, van dcr Waal forces, hydrogen 
bonding and covalent bonding. 

There are a number of polymeric agents which can be 
employed to prepare mucosal-tenacious vehicles with 
the seven required attributes enumerated above. 5 
Among these are natural gums, plant extracts, animal 
extracts, cellulose derivatives, polyvinyl alcohols, poly- 
vinylpyrrolidone, polycarbophil, polyacrylic acid de- 
rivatives, polyacrylamides, ethylene oxide homopoly- 
mers, polyethelene-polypropylene copolymers, polye- 
thylenimines and others. 

It is important in selecting a composition for the 
mucosal-tenacious vehicle that it allow the slow diffu- 
sion of the synergistic composition from the vehicle and 
into contact with the gingival tissues so that it can be 
absorbed into those tissues where it will induce its bene- 
ficial effects. 

The chemical structures of the polymeric agent se- 
lected for use in the mucosal-tenacious vehicle of this 
invention are not nearly as important as their physical 
properties and ability to satisfy the seven conditions set 
forth above. However, a large number of materials can 
be selected which do satisfy these criteria if properly 
compounded at suitable concentrations into a vehicle 
such as a semi-solid paste, gel, liquid, ointment or film. 

Among such agents are a number of natural hydro- 
philic polymeric agents, which are enumerated below: 

(1) Agar, which is a hydrophilic colloid extracted from 
certain algae. It is relatively insoluble in cold water 
but soluble in hot water. 

(2) Algin is derived from a brown algae, principally 
microcystitis pyriera. It is a linear polymer of high 
molecular weight; it is extracted principally as alginic 
acid and readily forms water-soluble alkali metal 
derivatives, amine derivatives and esters, all of which 
can be used in accordance with the teachings of this 
invention. 

(3) Carageenan is another algae-derived water-soluble 
polymer and exists principally as the lambda, kappa 
and iota isomers. 

(4) Other water-soluble polymers also derived from 
marine algae include fucoidan, laminoran and furcel- 
laran. 

(5) Gum arabic, also commonly called gum acacia, is 
the dried, gummy exudate of the acacia tree, indige- 
nous to Africa, India, Central American and South- 
west North America. It readily forms coacervates 
with gelatin. 

(6) Gum ghatti is another tree exudate which has a 
higher viscosity in aqueous solutions than gum arabic. 

(7) Gum karaya is a tree exudate with a high potential 
for water absorption and a relatively low pH. At 
concentrations of 5%-2Q%, it is a strong wet adhe- 
sive. 

(8) Gum tragacanth is widely used in food processing 
and is obtained from a perennial shrub found in the 
Near East. 

(9) Guar gum is obtained from the guar plant in India 
and Pakistan and forms viscous, colloidal dispersions 
in water. 

(10) Locust bean gum is derived from the fruit of the 
carob tree, an evergreen found principally in South- 
ern Europe. 

(11) Other natural gums derived from the fruit of the 
carob tree, an evergreen found principally in south- 
ern Europe. 


(12) Pectin is a general term for a group of water-solu- 
ble and water-dispersible polysacharides present in 
the cell walls of all plant tissues. 

(13) A relatively recent type of water-soluble, natural 
polymer is that produced as an extracellular polysac- 
charide by bacteria or fungi. Included among these 
are xanthan gum, polysaccharide Y-1401, scleroglu- 
can and various dextrans. 

There are also some starch derivatives which meet 
many of the criteria outlined for a mucosal-tenacious, 
water-soluble or water-dispersible polymer above, but 
are not usable in this invention because of their suscepti- 
bility to amylolytic degradation from the enzyme ptya- 
lin found in saliva. 
15 In addition to the natural hydrophilic polymers, the 
following synthetic polymers may also be used: 
1. Chemical modification of cellulose provides many 
derivatives which are useful within the teachings of 
this invention. Among these are methyl cellulose, 
20 sodium carboxymethylcellulose, hydroxypropylme- 
thylcellulose, hydroxypropylethylcellulose, hydrox- 
ypropyl cellulose; and ethylhydroxyethyl cellulose. 
These agents can be prepared in a wide range of 
solubility and viscosity ranges. 
25 2. Polyvinyl alcohol is produced by the alcoholysis of 
polyvinyl acetate and can be made in a number of 
molecular weights, water-solubility ranges and vis- 
cosity ranges. 

3. Polyvinylpyrrolidone is a homopolymer of N-vinyl- 
30 pyrrolidone with a high level of water solubility and 
pronounced viscosity-building properties. 
4 Polyacrylic acid derivates can be used directly but 
more often are used with other copolymers; an im- 
portant polyacrylic acid copolymer is polycarbophil. 
35 5. Particularly useful materials are the partial calcium/- 
sodium salts of lower alkyl vinyl-maleic acid anhy- 
dride copolymers, sold commercially as "Gantrez" 
and "Ucarset". 

6. Polyacrylamide is a polymer of acrylamide and can 
40 be polymerized by a variety of synthetic approaches. 

7. Ethylene oxide polymers of very high molecular 
weight are commercially sold by the Union Carbide 
Co. as water-soluble resins ("Polyox"). They range in 
molecular weight from a few hundred thousand to 

45 five million or more. The higher molecular weight 
derivatives have extraordinary viscosity-building 
effects in water and other solvents, as well as pro- 
nounced mucosal-tenacity. 

8. Polyethylenimines are produced from the monomer 
50 ethylenimine in the presence of an acid catalyst. They 

are of special interest for adherent formulations be- 
cause of their tendency to form strong electrostatic 
bonds. 

It is also possible to use at least one material of animal 
55 origin: 

1. Gelatin is a partially hydrolized protein derived from 
the skin, connective tissues and bones of mammalian 
animals; that derived by acid treatment is Type A and 
that from alkali treatment is Type B. 
60 These various polymeric materials herein described 
are illustrative of the many agents from which a compo- 
sition can be compounded into useful mucosal-tenacious 
carriers. They may be used singly or in combination, in 
a wide range of concentrations, and in the presence of 
65 many other agents intended to control rates of water 
absorption and swelling, ingredients to enhance tissue 
penetration, various fillers, buffers, sweeteners, flavors, 
bodying agents and other pharmaceutical necessities. 


5,032,384 


8 


Generally, such compositions include about 0.01 to 
about 10 parts antioxidant, about 0.01 to 10 parts aryl- 
propionic, NSAID, and about 20 to about 60 parts 
mucosal-tenacious polymer. 

Examples 1-7 below are illustrative of pharmaceuti- 
cally acceptable carriers with synergistic compositions 
therein which can be used in accordance with the teach- 
ings of the invention. 

EXAMPLE 1 


active agents) solution was then charged to the aqueous 
portion and mixed thoroughly. 

EXAMPLE 4 


Components 


% By Weight 


10 


Components 


% By 
Weight 


1. Ethylene Oxide Homopolymer 

2. Polyvinylpyrrolidone 

3. Polyethylene Glycol 4000 

4. Glycerin 

5. Ketoprofen 

6. Alpha-tocopherol 

7. Flavor 


40.0 
400 

14,9 
1.0 
2.0 
2.0 
0.1 

1000 


1. CMC 7H3SXF (Sodium Carboxymethylcellulose) 

2. Polyox (Polyethylene Oxide) 

3. Polycarbophil 

4. Calcium Oxide 

5. Ketoprofen 

6. Alpha-tocopherol 

7. Polyvinylacetate 
B. Triacetin 


10.0 
200 
10.0 
10 
1.0 
1.0 
230 
34.0 
1000 


15 


The first four ingredients are homogenized into an 
intimate mixture and warmed to about 40' C. The active 
agents and flavor were incorporated into the mixture 
and mixed thoroughly. The final mixture was cooled to 
20 about 25* C. and then extruded through stainless steel 
rollers into a film approximately 2 mm thick. 


Polyvinylacetate and triacetin were pre-mixed in a 
sigma-blade mixer. CMC 7H3SXF, polyox powder, 
polycarbophil, calcium oxide and ketoprofen were ho- 25 
mogeneously mixed in a Tekmar mixer, followed by the ■ 
addition of alpha-tocopherol at 1000 rpm Finally, the 
poiyvinylacetate/triacetin pre-mix was added to the 
mixture, and resulted in a smooth cream-type product 


Components 


% By Weight 


EXAMPLE 2 


Components 


By 
Weight 


1. Mineral Oil 

2. CMC 7H3SXF (Sodium Carboaymeihylcellulpv) 

3. Polyox (Polyethylene Oxide) 

4. Propylparaben 

5. Sodium Monophosphate 

6. Flavor (Spray Dried) 

7. Xecoprorcn 

8. Alpha-tocopherol 


51 45 
320 
130 

0.05 
0.10 
0.40 
2.0 
10 
100.0 


30 


35 


40 


1. Ketoprofen 

2. Alpha-iocopherol 

3. Hydrated Silica 

4. Sorbitol Solution 

5. Glycerin 

6. Xanthan Gum 

7. Fumed Silica 

8. Flavor 

9. Propyl Paraben 

10. Methyl Paraben 

11. Sodium Lauryl Sulfate 

12. Water 


2.0 
2.0 
12.0 
12.0 
120 
1.5 
2.0 
0.5 
005 
0.05 
1.5 
54.4 

100.0 


Mineral oil was heated to 65' C ion a Kitchen-Aid 
Bowl. CMC 7H3SXF, polyox, propylparaben and so- 
dium monophosphate were slowly charged to the bowl 
and mix-homogeneously for 10-15 minutes. Finally the 
active agents (alpha-tocopherol and ketoprofen) and 
flavor were added and mixed thoroughly. 


45 


In a mixing vessel container fitted with a vacuum 
system and mixing apparatus, water, active agents, 
parabens, flavor, sorbitol solution, and silica were 
charged and mixed thoroughly. In a separate container 
xanthan gum was charged and mixed in glycerin and 
then charged to the mixing vessel. It was then mixed for 
about 10 minutes, detergent was added, and finally 
mixed under full vacuum for 20-30 minutes. 


EXAMPLE 6 


Components 


9e By Weight 


EXAMPLE 3 


Components 


% By Weight 


1. Ethanol 

2. Glycerin 

3. Polysorbate 

4. Sodium Lauryl Sulfate 

5. Ketoprofen 

6. Alpha-tocopherol 

7. Flavor 

8. Colorant (FD&C Grade) 

9. Water 


15.0 
15.0 

1.0 

01 

1.0 

1.0 

0.1 

0.005 
66.795 
100.0 


50 


55 


60 


'I. Lactose 

2. Avicel (pH 101) 

3. Starch 

4. Fumed Silica 

5. Stearic Acid 

6. Alpha-tocopherol 

7. Ketoprofen 


57.0 
33.0 
4.0 
1.0 
2.0 
2.0 
1.0 
1000 


Active ingredients (alpha-tocopherol and ketoprofen) 
were mixed homogeneously with lactose in • Ribbon 
mixer followed by the addition of Avicel, starch, fumed 
silica and finally stearic acid. Manesty equipment was 
used to produce tablets (average weight: 500 mg.)- 


Active agents (alpha-tocopherol and ketoprofen) 
were m ixed homogeneously with ethanol in a container. 65 
In another container, flavor, glycerin, sodium lauryl 
sulfate, colorant and polysorbate were mixed together, 
followed by the addition of water. The ethanol (and 


EXAMPLE 7 


Components 


% By Weight 


1. Lactose 


80.0 


9 

-continued 
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Components 

9c By Weight 

2. Starch 

17.0 

3. Alpha-tocopherol 

10 

4. Keioprofen 

1.0 

5. Fumed Silica 

10 


100.0 


Alpha-tocopherol was homogeneously dispersed 
with lactose in a Ribbon Mixer, followed by ketoprofen, 
starch and fumed silica. After the powder was homoge- 
neously mixed, it was then filled into hard gelatin cap- 
sules at an average weight of 500 mg. using an MG-2 
automatic capsule filling machine. 

Examples 8-9 below are also illustrative of mucosal- 
tenacious vehicles, with a synergistic composition in- 
corporated therein, which can be used in accordance 
with the teachings of the present invention. 


10 


15 


EXAMPLE 8 


20 


Components 


9fc By 
Weight 


1. CMC 7II3SXF (Sodium Carboxymethylcellulose) 

2. Polyox WSR 301 (polyethylene oxide) 

3. Polycarbophil 

4. Calcium Oxide 

5. Ibuprofen 

6. Beta-carotene 

7. Polyvinyl acetate 

8. Triacetin 


10 
IS 
15 
I 
1 
1 

23 
34 


25 


1000 


30 


Polyvinyl acetate and triacetin were pre-mixed in a 
Sigma-blade mixer. CMC7H3SXF, Polyox powder, 
polycarbophil, calcium oxide and ibuprofen were ho- 
mogeneously mixed in a Tekman mixer, followed by the 
addition of Beta-carotene at 1000 rpm. Finally, a polyvi- 
nyl acetate/triacetin pre-mix was added to the mixture, 
and resulted in a smooth cream-type product. 


35 


EXAMPLE 9 


40 



Components 

r> By Weighi 

1. 

Ethylene Oxide Homopolymer 

410 

2. 

Polyvinylpyrrolidone 

40,0 

3. 

Polyethylene Glycol 4000 

149 

4, 

Glycerin 

1.0 

5 

Ibuprorcn 

20 

6. 

Beta-carotene 

1.0 

7. 

Flavor 

0 1 



100 0 


45 


50 


The first four ingredients are homogenized into an 
intimate mixture and warmed to about 40" C. The active 
agents and flavor were incorporated into the mixture 
and mixed thoroughly. The final mixture was cooled to 
about 25* C. and then extruded through stainless steel 
rollers into a film approximately 2 mm thick. 

Although the present invention has been described in 
connection with preferred embodiments thereof, many 
other variations and modifications will now become 
apparent to those skilled in the art without departing 
from the scope of the invention. 

What is claimed is: 

1. A method for the treatment of periodontal disease 
comprising topically administerng an effective peri- 
odontal disease reducing amount of a composition com- 
prising a synergistic combination of alpha-tocopherol 
and ketoprofen or a pharmaceutical^ acceptable salt 
thereof in a pharmaceutical^ acceptable carrier to a 


55 


60 


65 


host in need thereof, wherein the effective periodontal 
disease reducing amount of the alpha-tocopherol is 
from about 0.01 to 10% by weight and the effective 
periodontal disease reducing amount of the ketoprofen 
is from about 0.01 to 10% by weight, and wherein the 
amount of alpha-tocopherol is sufficient to lower the 
IC50 value of the ketoprofen and the amount of keto- 
profen is sufficient to reduce the IC50 value of alpha-to- 
copherol, and wherein the carrier is a semi-solid paste, 
gel. liquid, ointment or film which has a strong and 
continuing adherence to the oral gingival mucosa. 

2. A method as claimed in claim 1, wherein the car- 
rier comprises a water soluble or water dispersible poly- 
mer. 

3. A method as claimed in claim 2, wherein the poly- 
mer is selected from the group consisting of karaya 
gum, ethyleneoxide polymer, sodium carboxymethyl- 
cellulose and lower alkyl vinyl ether-maleic acid anhy- 
dride copolymer. 

4. A synergistic composition for the treatment of 
periodontal disease comprising an effective periodontal 
disease reducing amount of alpha-tocopherol and keto- 
profen or a pharmaceutical^ acceptable salt thereof in 
combination with a topical pharmaceutical^ acceptable 
carrier wherein the effective periodontal disease reduc- 
ing amount of the alpha-tocopherol is from about 0.01 
to 10% by weight and the effective periodontal disease 
reducing amount of the ketoprofen is from about 0.01 to 
10% by weight, and wherein the amount of alpha-to- 
copherol is sufficient to lower the IC50 value of the 
ketoprofen and the amount of ketoprofen is sufficient to 
reduce the IC50 value of alpha-tocopherol, and wherein 
the carrier is a semi-solid paste, gel, liquid, ointment or 
film which has a strong and continuing adherence to the 
oral gingival mucosa. 

5. A composition as claimed in claim 4, wherein the 
effective periodontal disease reducing amount of the 
alpha-tocopherol is from about 0.03 to 2.0% by weight 
and the effective periodontal disease reducing amount 
of the ketoprofen is from about 0.01 to 2% by weight. 

6. A composition as claimed in claim 4, wherein the 
carrier comprises a water soluble or water dispersible 
polymer. 

7. A composition as claimed in claim 6, wherein the 
combination of the composition and the carrier com- 
prises about 0.01 to 10 parts alpha-tocopherol, and 
about 0.01 to 10 parts ketoprofen and about 20 to 60 
parts polymer. 

8. A composition as claimed in claim 7, wherein the 
polymer is selected from the group consisting of karaya 
gum, ethyleneoxide polymer, sodium carboxymethyl- 
cellulose and lower alkyl vinyl ethermaleic acid anhy- 
dride copolymer. 

9. A composition as claimed in claim 4 comprising 
alpha-tocopherol and ketoprofen in a creme carrier 
comprising a polyacrylic acid polymer. 

10. A composition as claimed in claim 1 in which the 
composition comprise*; alpha-tocopherol and keto- 
profen in a creme carrier comprising a polymacrylic 
acid copolymer. 

11. A method as claimed in claim 1 wherein the effec- 
tive periodontal disease reducing amount of the alpha- 
tocopherol is from about 0.03 to 2.0% by weight and 
the effective periodontal disease reducing amount of the 
ketoprofen is from about 0.01 to 2% by weight. 

12. A method as claimed in claim 2 wherein the com- 
bination of the composition and the carrier comprises 
about 0.01 to 10 parts alpha-tocopherol, and about 0.01 
to 10 parts ketoprofen and about 20 to 60 parts polymer. 
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already is functionally complete. In attempting to answer 
ShSoMStton, if one examines the market, it immediately 

3 solid dosage forms are coated. The reasons for thu range 
from the esthetic to a desire to control the bioavailability of 
the drug, and include: 

7 Reduc ng the risk of interaction oeiwee re q{ 

nenu. This vjluld be «W|^^^ te 4^d0. 

6e s e « y ^^ repeat - action and 

sustained-release products. 


Evolution of the Coating Process-Tablet coating is 
the materials and methods used, as a process it still ouen is 

msmmm 

gold and silver for pill coating. Since then, there have £een 

poison tablets. These waxes, being ff^^^^. 

„.ls working to ph.rm.cta, put >cul arts 
'"the e«rtat attempts to appl? c°»f f> » 


coating fluid. . P^»^^S2&32£ 

produce a uniformly coated P«duct ug were 

Initi ttfrom a PhUadel- 

rhSa-aSs'^amon'g the first indigenous manu- 

^maS 

used in the ^^^^SS^Z^S^ 
evolved, even in the Middle Ages l oday ^ 

ing pans are fabricated f™. eff^ by means of 

made from copper because drying was ' ettecle °./ ki even 
an externally applied heat ^.^SS.^th a 
with conventional pans, is to dry the coaw ^ 

til the late 1940s and early 1950a • ™» ^™ to thfi t time. 

being the !"™^^ r ^^^E»! some signifi- 
However, in the last 20 or 30 yr werenav * inly 

cant advances made in «*d- 
as a result of a steady evolution in pan design ai 
ated ancillary equipment. development, an 

Interestingly, in the early ^"l?^^ coating, 
entirely new form of technology evolved.^ ^tot wm 
Recognizing the deficiencies of ^ ~™ using 
advocates of film coating «"«JjS ^ so'vents* 
coating systems involving ^S^iiiththeineffi- 
These circumvented the P»W e nw woc^g ipmen t, 
ciency in the drying capabilities of conv ^"f^J P ificant 
. and enabled production quotas ^ Je mrtw«» «J fae 
reductions in processing times J^fjSl^hu been 

ing begun by the ^^^J^SEi ha*, result- 
continued by the evolution of side ■ ? ' 

ed in the gradual •T^So^JtoSSng began 
ing efficiency can be ■^JJ^S.Kent, relying on 
as a process using inefficient ^ evolved 

bigbly^tik^to^ 

into one in which the processing e 4 u H d drying C a- 

pabilities have permitted increased use oi aq 
coating formulations. benefited the 

Advances in equipment ^^^^GooAMbxi- 

ufacturing Practices ^IMB*™ been toward using 
formity and performance, the trend Jias bee tends 
fuUy automated processes. Nonet ^less »im 
to dominate as the process of choice for taoiw 
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Pharmaceutical Coating Processes 

Basically, there are four major techniques for applying 
coatings to pharmaceutical solid dosage forms: (1) Sugar 
Coating, (2) Film Coating, (3) Microencapsulation and (4) 
Compression Coating. _ - 

Although it could be argued that the use of mucilage ot 
psyllium seed, gelatin, etc, as already discussed, was an early 
form of film coating, sugar coating is regarded as the oldest 
method for tablet coating, and involves the deposition from 
aqueous solution of coatings based predominantly on su- 
crose as a raw material. The large quantities of coating 
material that are applied and the inherent skill often re- 
quired of the operators combine to result in a long and 

tedious process. , . , . ^ * 

Film coating, the deposition of a thin polymeric film onto 
the dosage form from solutions that were initially organic- 
solvent-based, but which are beginning to rely more and 
more on water as the prime solvent, have proven to be a 
popular alternative to sugar coating. 

Microencapsulation is a modified form of film coating, 
differing only in the size of the particles to be coated and the 
methods by which this is accomplished. This process is 
based on either mechanical methods such as pan coating, 
air-suspension techniques, multiorifice centrifugal tech- 
niques and modified spray-drying-teehniques, or physico- 
chemical ones involving coacervation-phase separation, 
where the material to be coated is suspended m a solution of 
the polymer. Phase separation is facilitated by the addition 
of a nonsolvent, incompatible polymer, inorganic salts or by 
altering the temperature of the system. 

Compression coating incorporates the use of modified 
tableting machines which allow the compaction of a dry 
coating around the tablet core produced on the same ma- 
chine The main advantage of this type of coating is that it 
eliminates the use of any solvent, whether aqueous or organ- 
ic in nature. However, this process is mechanically complex 
and has not proven popular as a method for coating tablets. 

Sugar Coating of Compressed Tablets 

While the term "sugar" is somewhat generic, and lends 
itself to describing various raw materials, sugar coating relies 
mainly on the use of sucrose. The main reason for -this is 
that, based on the techniques involved, it is probably the 
only material which has enabled smooth, high-quality coat- 
ings to be produced, that are essentially dry and tack-free at 
"the'ehd of the" process.- ™ 

While the popularity of sugar coating is waning, this pro- 
cess still retains some popularity, and various companies 
have invested in complete modernization of the process. 

In spite of certain inherent difficulties associated with the 
sugar-coating process, products which have been expertly 
sugar coated still remain among the most elegant available. 

Since sugar coating is a multistep process, where esthetics 
of the final coated product is an important goal, it has been, 
and still is in many companies, highly dependent on the use 
of skilled manpower. For these reasons, the sugar-coating 
process is often protracted and tedious. However, process- 
ing times have been reduced gradually in the last two de- 
cades by the adoption of modem techniques and by the 
introduction of automation. t . 

The sugar-coating process can be subdivided into six mam 
steps: (1) Sealing, (2) Subcoating, (3) Smoothing, (4) Color 
Coating, (5) Polishing and (6) Printing. 

Sealing— The sealing coat is applied directly to the tablet 
core for the purpose of separating the tablet ingredients 
(primarily the drug) and water, which is a major constituent 
of the coating formulation, in order to assure good product 
stability. A secondary function is to strengthen the tablet 


core. Sealing coats usually consist of alcoholic solutions 
(approximately 10-30% solids) of resins such as shellac, zein, 
cellulose acetate phthalate or polyvinyl acetate phthalate. 
Historically, shellac has proven to be the most popular mate- 
rial although it can cause impaired bioavailability due to a 
change in resin properties on storage. A solution to this 
problem has been to use a shellac-based formulation con- 
taining a measured quantity of polyvinylpyrrolidone 
(PVP). 8 

The quantities of material applied as a sealing coat will 
depend obviously on the tablet and batch size. However, 
another important factor is tablet porosity, since highly po- 
rous tablets will tend to soak up the first application of 
solution, thus preventing it from spreading uniformly across 
the surface of every tablet in the batch. Thus, one or more 
further applications of resin solution may be necessary to 
ensure that the tablet cores are sealed properly. 

Since most sealing coats develop a degree of tack (sticki- 
ness) at some time during the drying process, it is usual to 
apply a dusting powder to prevent tablets from sticking 
together or to the pan. A common material used as a dust- 
ing powder is asbestos-free talc. Overzealous use of talc 
may cause problems, firstly, by imparting a high degree of 
slip to the tablets, thus preventing them from rolling proper- 
ly in the pan, and secondly, presenting a surface at the 
beginning of the subcoating stage whichis very difficult to 
wet resulting in inadequate subcoat buildup, particularly on 
the edges. If there is a tendency for either of these problems 
to occur, one solution is to replace part or all of the talc with 
some other material such as terra alba, which will form a 
slightly rougher surface. ' . 

If an enteric-coated product is required, additional quan- 
tities of the seal-coat solution are applied. In this situation, 
however, it is preferable to use synthetic polymers such as 
polyvinyl acetate phthalate or cellulose acetate phthalate. 

Subcoating— Subcoating is a critical operation in the 
sugar-coating process that can have a marked effect on ulti- 
mate tablet quality. Sugar coating is a process which often 
leads to a 50 to 100% weight increase, and it is at the subcoat- 
ing stage that most of the buildup occurs. 

Historically, subcoating has been achieved by the applica- 
tion of a gum-based solution to the sealed tablet cores, and 
once this has been distributed uniformly throughout the 
tablet mass, it is followed by a liberal dusting of powder, 
which serves to reduce tack and facilitate tablet buildup. 
This procedure of application of gum solution, spreading, 
dusting and drying is continued until the requisite buildup 
has been achieved. Thus, in this situation, the subcoating is 
Ysandwich of alternate layers of gum and powder, borne 
examples of binder solutions are shown in Table I and those 
of dusting powder formulations in Table II. 



A, % w/w 

B, % w/w 

Gelatin 

Gum acacia (powdered) 

Sucrose 

Water 

3.3 
8.7 
55.3 
to 100.0 

\ . 6.0 
8.0 
45.0 
to 100.0 

Table 11— Dusting Powder Formulations for Subcoating 


A. % w/w 

B, % w/w 

Calcium carbonate 
Titanium dioxide 
Talc (asbestos-free) 
Sucrose (powdered) 
Gum acacia (powdered) 

40.0 
5.0 
25.0 
28.0 
2.0 

1.0 
61.0 
38.0 
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Table ,H_TyplcalSusper^^ 


% w/w 


Distilled water 
Sucrose 

Calcium carbonate 
Talc (asbestos-free) 
Gum acacia (powdered) 
Titanium dioxide 


25.0 
40.0 
20.0 
12.0 
2.0 
1.0 


"t'iX , p „ t(1 .ch »hid> has proved popular par- 

results 

brighter, cleaner final color. 
Polar Coating-This stage often is the most critical in 

nossible to obtain a cleaner, brighter final color *™ e £ 

ticularly when dark shades are required. This can MM 
achieved by applying ^^f 1 ^ S^tueUntil 
are just sufficient to wet the 0 *^^£ It is 

batch, and then allowing the tablets to ^■^vA Uy 
essential that each application is M°"± t0 *^"Z£- 
before subsequent applications are ^ ad ^^™ us "° the 
ture may become trapped in the coating and may cause 
tablets to "sweat" on standing. *„en individ- 

The final color obtained may result £om up to fiOmdjnd 
ual applications of colored syrup. This factor, como 


with the need to dry each application slowly and thoroughly, 
SJlts n very long'processing times (eg, assuming 50 appli- 
cations are made which take between 15 and 30 mm each the 
coloring process can extend over a period of up to 25 hr). 

Tablet color coating with pigments as advocated by 
Tuck! r et al? can present some significant advantage^ 
First of a 11 since pigment colors are water-insoluble, they 
orient no proWems of migration since the colorant remains 
where Us deposited. In addition, if the pigment ,s opaque 
STcSSJd with an opacifier such as titoju»djo»dj. 
the desired color can be developed much more rap idly, thus 
SuS in a thinner color coat. Since each color-syrup 
aopucation now can be dried more rapidly, fewer apphca- 
?fons are required and significant reductions can be made in 

b tS^^^ coatings are by no means 

fooCoo" they will permit ^^^.^uE 

duced from water-soluble dyes by means of a process known 
a^-lakiT" whereby the dye molecule becomes fixed to a 
Citable insoluble substrate such as aluminum hydroxide 

o^gments into the syrup solution is not 

S!?L use of pigment color concentrates, which are com- 
mercially available, usually is beneficial. 

Polishing-Sugar-coated tablets need to ^ Polished in 
oJer to Sieve a'f.nal gloss. Polishing is .achieved fay^ 
Dlvii mixtures of waxes (beeswax, carnauba wax, candehla 
wax or hard paraffin wax) to the tablets in a polishing pan. 
Sh wax mixtures may be applied as powders or as disper- 
sions in various organic solvents. 


JUS 111 VrUluua — 

Printing-In order to identify sugar-coated tablets (in 
addition to shape, size and color) often it is necessary to 
nrinSem either before or after polishing, using pharma- 
ceutical Sanding inks, by means of the process of offset 
rotogravure. 

Suear-Coating Problems-Various problems may be 
encountered during the sugar coating £ tjWWj. £ ™st b 
remembered that any process ,tn ^which t»W^^ p ^£ t 
bling constantly can present difficulties if the £^,5*™ 
stroL enough to withstand the applied stress. Tablets 

£ Sus coating fluids, nonuniform distribution oT coat- 
ing material can occur, resulting jn an ^unacceptable range of 
sizes of finished tablets within the batch. 

Overzealous use of dusting powders paxticulariydunng 
the subcoating stage, may result in a coating bemg forme m 
which the Quantity of fillers exceeds the capacity 01 u 
bmtr m formulation, creating soft coatings or those 

JSiS^Si ^tSKSA & when 
buildup occurs in the small depressions in the tablet surface. 
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Film Coating of Solid Dosage Forms 
tr im coating involves the deposition of a thin but uni- 
, 2 film 2o the surface of the substrate. Unlike sugar 
f0r T-' I the flexibility afforded in film coating allows addi- 
f^tataS rt^ than just compressed tablets, to be 
tl ° ".fdered (eg, Powder, granules, nonpareils, capsules). 
p l essen ially are applied continuously to a moving 
WmS, usually by means of a spray technique, 
^«ih application procedures have been used. 

fll SricX film coating was introduced in the early 
, Q?0 sTorder' to combat the shortcomings of the then pre- 
i 9 f„Tn? suear-coating process. Film coating has proved 

, Minimal weight increase (typically 2-3% of tablet core weight). 

5" Significant reduction in processing times. 

S Increased process efficiency and output. 

A Increased flexibility in formulations. 

5. Improved resisUnce to chipping of the coating. 

ThP maior process advantages resulted from the greater 
^!tmtv of the organic solvents used. However the use of 
S^^U has created many potential problems, 

including: 

1. Flammability hazards. 
2 Toxicity hazards. 

3 '. Concerns over environmental pollution. 
4. Cost (either relating to minimizing items or 10 me c 
solvents themselves). 


However since the initial introduction of film coating, sig- 
niSSvances have been made ir 'P^ss technology and 
o„, inment design The emphasis has changed from need- 
SSy voSE organic solvents (to achieve rap d drying), 
Sig h same ultimate effect by designing equip- 
ment have more efficient drying characteristics. ■ 

Thus there has been a transition from conventional pans 
to^de vended pans and fluid-bed equipment, and conse- 
quently from the problematic organic solvent-based process 

t0 Fi.m q Co 0 a U tin 0 g n Ra W Materials-The -jor -Ponents 
in any film-coating formulation consist of a polymer, plast. 
cizer, colorant and solvent (or vehicle). . lhUitv in a 

Ideal properties for the polymer delude solub hty in a 
wide range of solvent systems to promote flexibility in for 
muTation an ability to produce coatings wh ich have : suitable 
mechanical properties and the appropriate so ubil ty m Hgas 
trointestinal fluids such that drug bioavailability is not com 

Pr cSose ethers are the V*^£*?™»£ ^Sta 
ine oarticularly hydroxypropyl methylceUulose. . Suitable 

utSuisa^ 

slightly tackier coatings, and methylceUulose although ttjs 
has been reported to retard drug dissolution." 
to the ceUulose ethers are certain acrylics, such as methacry- 
late and methyl methacrylate copolymers. , 

Most polymers are employed as solutions in either aque- 
ous or organic solvent-based systems. Alte^tnjesy^m. 
employ aqueous dispersions of water-insoluble polymers (eg 
ethylcellulose) in combination with an aqueous solution of. 
for example, hydroxypropyl methylceUulose. 

An additional factor to be considered in the selection .of 
polymers concerns the various m olecular-weight grades 
available for each type. Molecular 
important influence on various properties of 
system and its ultimate performance such as solution jis 
cosity and mechanical strength and flexibility of the resul 

^^corporation of a plasticizer into formulation 
improves the flexibility of the coating, reduces ^"'sk of the 
film cracking and possibly improves adhesion of the film to 


the substrate. To ensure that these benefits are achieved, 
{he pfSicizer must show a high degree of compatibility with 
h^mer.andadegreeofpermanence^^^^^ 
the coating are to be stable on storage. Examples of typical 
pbsSer 8 s include glycerin, propylene glycol. P<^£ 
glycols, triacetin. acetylated »onoglycende, _atrate erte« 
(eg, triethyl citrate) or phthalate esters (eg, diethyl phthal- 

^Colorants usually are used to improve the ?PP^nceof 
the product as. well as to increase product identif cation. 
Additionally, certain physical properties of the coating (eg 

nXmance as a moisture barrier) may be improved. As 
in the Ssugar coating, colorante can be classified either 
as water-soluble dyes or insoluble pigments. 

Sruse of water-soluble dyes is precluded with organic 
solTentbLedfilmcoatmgbecauseofthelackp^ 
the ^solvent system. Thus, the use of pigments, particularly 
ImtumSel provides the most useful ""-jf^ 
film-coating systems. Although it may seem obvious to use 
water soluble dyes in aqueous formulations, the use of P .g- 
ments is preferred, since: 

1. They are unlikely to interfere with bioavailability" as do some 

W f ' Th l eyhelp y to reduce the permeability of the coating to moisture.^ 
a! They ser?e as bulking agents to increase the overall sol.ds content 
in the coating dispersion. _ 

The major solvents used in film coating typically belong to 
one of These classes: alcohols, ketones, esters, chlorinated 
hydrocarbons and water. Solvents serve to perform a nm- 
p-ortant function in the film-coating process ; since y d 
in the application of the coating to the surface of the sub 
strate Good interaction between solvent and polymer is 
neSsary to ensure that optimal film properties are ob- 
teTned when the coating dries. This initial interaction be- 
Seen solvent and poller wiU yield maximum polymer- 
chain extension, producing films having the greatest cohe- 
sive s\3 and thus, the best mechanical properties. An 
mpo St functiin of the solvent systems also is to assure a 
Soiled deposition of the polymer onto the surface of the 
substrate if a coherent and adherent film coat is to be ob- 

^ Ahhough it is very difficult to give typical examples 1 of 
film-coaS formulations, since these will depend on the 
vZ*&s ot the materials used, such ^uta^ ujgg 
are based on 5-15% {w/w) coating solids m the requisite 

vehicle (with the higher ^^^^^^^^^iZ 
aqueous formulations), of which 60-70% is polymer, 6-7% is 

plasticizer and 20-30% is pigment. 


Modified-Releose Film Coatings 

Film coatings can be applied to phar 
in order to modify drug release. One form of coating is used 
to prevent the release of drugs in, or protect drugs fromtbe 
effects of the gastric environment. Such a coating com- 
Sy is cdled g an enteric coating. Other types 
often called sustained- or controlled-release coatings, pn- 
mSily are used to extend the release of a drug over a long 

P Enteric Coatings-Enteric coatings are those which re- 
mat intact in the stomach, but will dissolv e an 
contents of the dosage form once it . reaches smaU intes 
tine The purpose of an enteric coating is to delay tne 
rSease of drugs which are inactivated by the stomach 1 con- 
tent (eg. pancreatin, erythromycin) or may cause nausea or 
b"eding g by irritating the gastric 

roids). In addition, such coatings can be used » give a 
simple repeat-action effect where addition^ drug that has 
bZ applied over the enteric coat is released in the stoma h 
while the remainder, being protected by the coating, is re 
leased further down the gastrointestinal tract. 
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The action of enteric coatings results from a difference in 
^composition of the respective gastric and intestinal environ- 
*nts in regard to pH and enzymatic properties. Although 
- Ve have been repeated attempts to produce coatings 
which are subject to intestinal enzyme breakdown, this ap- 
proach is not popular since enzymatic decomposition of the 
film is rather slow. Thus, most currently used enteric coat- 
ings are those which remain undissociated in the low pH 
en vironment of the stomach, but readily ionize when the pH 
rises to about 4 or 5. The most effective enteric polymers 
are polyacids having a pK a of 3 to 5. 

Historically, the earliest enteric coatings used formalin- 
treated gelatin, but this was unreliable since the polymeriza- 
tion of gelatin could not be controlled accurately, and often 
resulted in failure to release the drug, even in the lower 
intestinal tract. Another early candidate was shellac, but 
again the main disadvantage resulted from further po ymer- 
ization that occurred on storage, often resulting in failure to 
release the active contents. Although the pharmaceutical 
literature has contained references to many potentially suit- 
able polymers, only three or four remain in use. 

The most extensively used polymer is cellulose acetate 
phthalate (CAP) which is capable of functioning effective y 
Is an enteric coating. However, a pH greater than 6 usually 
is required for solubility and thus a delay in drug release may 
ensue. It also is relatively permeable to moisture and gas- 
tric fluid compared to most enteric polymers. Thus it is 
susceptible to hydrolytic decomposition where phthalic ana 
acetic acids are split off, resulting in a change in polymeric, 
and therefore enteric, properties. Another useful polymer is 
polyvinyl acetate phthalate (P VAP) which is less P«rneaWe 
to moisture and gastric fluid, more stable to hydrolysis and 
ble to ionize at a lower pH, resulting in earlier release of 
itives in the duodenum. . 
A more recently available polymer is hydroxypropyl 
methylcellulose phthalate. This has similar stability to 
PVAP and dissociates in the same pH range. A final exam- 
ple of currently used polymers are those based on methacryl- 
ic acid-methacrylic acid ester copolymers with acidic loniz- 
able groups. They have been reported to suffer from the 
disadvantage of having delayed breakdown even at relative- 

17 VarioSsystems recently have been introduced that allow 
each of these enteric polymers to be applied as aqueous 
dispersions, thus facilitating the use of aqueous film-coating 
technology for the enteric coating of pharmaceutical dosage 

f0 Sustamed-Release Coatings-The concept of sustained 
release formulations was developed in order to e lmmate the 
need for multiple dosage regimens, particularly for those 
drugs requiring reasonably constant blood levels over a long 
period of time. In addition, it also has been adopted for 
those drugs which need to be administered in high doses, but 
where too rapid a release is likely to cause undesirable side 
effects (eg, the ulceration that occurs when potassium chlo- 
ride is released rapidly in the gastrointestinal tract). 

Formulation methods used to obtain the desired drug 
availability rate from sustained-action dosage forms include: 

1. Increasing the particle size of the drug. 

2. Embedding the drug in a matrix. _ 

3. Coating the drug or dosage form containing the drug. 

4. Forming complexes of the drug with materials such as lon-ex- 
hange resins. 

Only those methods which involve some form of coating fall 
within the scope of this chapter. 

Materials which have been found suitable for producing 
sustained-release coatings include: 

1. Mixtures of waxes (beeswax, carnauba wax. etc) with gbrewtf 
monostearate. stearic acid, palmitic acid glyceryl T™***^"* 
Tetyl alcohol. These provide coatings which are dissolved slowly or 
decomposed in the gastrointestinal tract. 


2. Shellac and zein— polymers which remain intact until the pH of 
eastrointestinal contents becomes less acidic. S- y . , 
3 Ethylcellulose. which provides a membrane around the particle 
and remains intact throughout the > gastrointestinal »^ 
does permit water to permeate the film, dissolve the drug and diffuse out 

88 4 m ' Acrylic resins, which behave similarly to ethylcellulose as a diffu- 
sion-controlled drug-release coating material. 

5. Cellulose acetate (diacetate and triacetate). 

6. Silicone elastomers. 

As with an enteric coating, many of the synthetic polymers 
suitable for sustained-release film coating have been con- 
verted into commercially available aqueous polymeric dis- 
persion so that aqueous film-coating technology can be em- 

Pl Various methods have been used to prepare sustained- 
release products using film-coating techniques. Examples 
include the application of suitable film coatings to: 

1. Dried granules (either irregular or spheronized). 

2. Drug-loaded beads (or nonpareils). 

3. Drug crystals. 

4. Drug/ion-exchange-resin complexes. 

5. Tablets. 

In the first four examples, the final coated particles can 
either be filled into two-piece hard-gelatin capsules or com- 
pacted into tablets. Additionally, coated drug/ion-ex- 
chahge-resin complexes may be dispersed in viscous liquids 
to create liquid suspensions. . 

A rather unique application of the film-coated, sustained- 
release tablet is the elementary osmotic pump. In this de- 
vice a tablet core (formulated to contain osmotically active 
iner'edients) is film coated with a semipermeable membrane, 
which is subsequently "pierced" with a laser to create a 
delivery orifice. On the ingestion of such a device, the infu- 
sion of water generates an osmotic pressure within the coat- 
ed tablet that "pumps" the drug in solution out through the 

orifics • 

With sustained-release products, one must remain aware 
constantly of the fact that the final dosage forms typica y 
contain drug loadings that are sufficiently high _to . cause 
problems if the entire dose is released quickly. This phe- 
nomenon, commonly called "dose-dumping," can be avoided 
only if it is ensured that: 

1 The film coating is sound mechanically and will resist rupture on 

*Vs^53^»»« uniformly across the surface of the 
material that is to be coated. 

Film-Coating Problems . 

As with sugar coating, difficulties may develop 'during, or 
subsequent to, the film-coating process. The tablets bemg 
coated may not be sufficiently robust, or may have a tenden- 
cy to laminate while being coated. Since film coats are 
relatively thin, their ability to hide defects is Bi^canUy 
less thai with sugar coating. Hence, ^jg^X 
poor resistance to abrasion (ie, they exhibit h** frial 
characteristics) can be problematic, since the ™P»*«*™ 
readily may be apparent after coating. It is very important 
to identify tablets with suspect properties, whether mechan- 
ically or performance related (eg, poor dissolution), prior to 
a coating process, since subsequent recovery or reworking ot 
Sts may be extremely difficult after a coating has been 

aP Var e i d ous process-related problems can occur during the 
application of a film coating. One example is picking, wnicn 
is P a consequence of the fluid delivery rate : exceed u* 
drying capacity of the process, causing tablets to sticK 
gelhef and subsequently become broken apart Anothe 
example, orange peel or roughness, is usually the resuu o 
premature drying of atomized droplet, of solution « ■* £g 
be a consequence of spraying too viscous a coating soiuu 
such that effective atomization is difficult. 
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Mottling, or lack of color uniformity, can result from un- 
^ distribution of color in the coating, a problem often 
6V i fl ted to the use of soluble dyes in aqueous film coating, 
len color migration can occur, either by evolution of res.d- 
".solvent in ?he film, or by migration of plasticizer in which 
te colorant may be soluble. The use of pigments in the 
Sm-coating process minimizes the incidence of this latter 
STectSn considerably. However, uneven color also can re- 
St from poor pigment dispersion in the coating solution. 
S FinaS some major problems occur as the resul of inter- 
I stress that develops within the film as it dries. One 
exampS ^cracking, which occurs when this stress exceeds 
tensile strength of the film. Another example is logo- 
hAdeing (ie. a monogram present in the surface of the tablet 
55) wh S occurs when a component of the internal stress 
s able to overcome the adhesive bonds between the coating 
'and L tablet surface, causing the film to pull away so that 
wibility of the monogram is lost. An understandrng of the 
properties of the various ingredients used in the film-coating 
Emulation, and how these ingredients interact with one 
Ser, can allow the formulator to avoid many of these 
internal-stress-related problems. 1 

Coating Procedures and Equi pment 

Coating Pans-Sugar coating historically has involved 
the ladling of the various coating fluids onto a cascading bed 
If tablets in a conventional coating pan (Fig 90-1), fitted 
with a means of supplying drying air to the tablets . and an 
eTaust to remove moisture and dust-laden air from the pan. 

Typically, after the requisite volume of liquid has been 
anpSd an appropriate amount of time is aJ owed for the 
ffleL to mix and permit the liquid to be dispersed fully 
Sr u^hout the batch. To facilitate the uniform trans^ to of 
iquid! the tablets often are "stirred" by hand, or in larger 
pans by means of a rake, to overcome mixing problems often 
Sated with "dead spots," an inherent problem associat- 



ed with the use of conventional pans. Finally, tablets are 
dried by directing an air supply onto^he surface of the tablet 
bed Thus, sugar coating is somewha't of a sequen >al pro- 
cess consisting of consecutive cycles of liquid application, 

"SihtSy history of film coating the equipment 
usedwasadaptedessentiallyfromthatalreadyemployedfor 

sugar coating. Although ladling of coating hqu ds dur ng 
the film-coating process has been practiced, usually the liq- 
uid is applied using a spray technique. Spray equipment 
used are essentially of two types: 

'"rt 0 / s/ray! wh^eby liquid which is pumped under ^Ue or no 
pressure to the nozzle is ^atomized by means ,of « ££"2£XSh£ 
that makes contact with the stream of liquid as it passes mro B 
nozzle aperture. 

Airless-spray techniques typically are used in large-scale 
film-coating operations for organic solvents, while m-spw 
SctaTques are more effective in either a small-scale labora- 
tory s tt up or in the currently popular aqueous film-coating 

There of spray techniques permits the.delivery of finely 
nebulized droplets of a coating solution to the moving tablet 
mts n such a manner as to ensure uniform coverage whiU 
mTventing adjacent tablets from adhering together, as the 
solution rapidly dries. Although all the phases that 
occur during the spray process occur ^SaI^^ 
rnrrentlv the overall picture can be simplified and repre 
™d In th^f^rm of several sequential 
Fig 90-2. The spray process can be operated either inter 

m tthte°arfy°;"nim c6ating. the lack of adequate 
dryU conditions inside the coating -PP^g^S 
with the preference for using airless coating techniques (and 
EtTnherently higher delivery rates) with onj^J^ 
based formulations on a production scale, gave ™J» » 
intermittent spray procedure. This allowed excess solvent 
to be removed during the nonspray part of the cycle ,an" 
thus reXced the risk of picking and the tendency for tab kts 
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Fig 90-1. Typical equipment setup for conventional sugar coating. 


Fig 90-2. 


DRYING IS CONTINUOUS 
Schematic representation of the film-coating process. 
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which enabled acceptable processing times to be achieved in 
spite of the relative deficiencies of the air-handling systems. 
Since the equipment rarely represented a completely en- 
closed system, it did little to minimize the hazards of using 
organic solvents. Although conventional pans possessed ac- 
ceptable properties with regard to mixing of the tablet mass 
in the sugar-coating process (particularly as this could be 
augmented by manual stirring of the tablets during process- 
ing), they were suited poorly to meet the more rigorous 
demands of the film-coating process, even when some simple 
form of baffle system was installed. In spite of these inade- 
quacies, the use of conventional pans has persisted. 

The introduction of aqueous film coating in recent years 
has presented the most serious challenge to conventional 
equipment. Limitations in both drying and mixing capabil- 
ities are likely to increase significantly the processing time 
and risk to product integrity when aqueous processes are 
used. The solution to these potential problems has occurred 
as coating-pan design has evolved and improved. 

Although considerable experimentation has taken place 
with the geometric design of conventional equipment, the 
most significant change came with the introduction of the 
Pellegrini coating pan (Fig 90-3), which is somewhat angular 
and rotates on a horizontal axis. The geometry of the pan, 
coupled with the fact that there is an integral baffle system, 
assures much more uniformity in mixingr" Additionally, 
since the services are introduced through the rear opening, 
the front can either be left free for inspection purposes or 
simply closed off to yield an enclosed coating system. Al- 
though drying air is still applied only to the surfaces of the 
tablet bed, the other advantages derived from the basic 
overall design ensure that the Pellegrini pan is suitable more 
for film coating, including aqueous-based coating solutions, 
than the conventional equipment previously discussed. 
Currently, Pellegrini pans are available with capacities rang- 
ing from the 10-kg laboratory scale-up to 1000 kg for high- 
output production. 

Considering the relative inefficiencies with equipment in 
which the majority of drying takes place on the surface of the 
tablet bed, several attempts have been made to improve air 
exchange, particularly within the tablet bed. The first to be 
available on a commercial scale was that developed by 
Strunck, which, by extending the drying air duct so that it is 
immersed in the tablet bed, creates a submersed void onto 
the periphery of which coating solution is applied from a 
spraygun located in the opening of the supply air duct (Fig 
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Fig 90-3. Schematic diagram of a Pellegrini coating pan. 


Fig 90-4. Schematic diagram of Strunck immersed4ube coating 
apparatus. 

90-4). Exhaust air is taken from the pan in a somewhat 
conventional manner. 

A second approach, called the Immersion Sword Process, 
uses a two-chamber system situated in the bed of tablets, 
enabling heated air to be introduced directly into the tablet 
bed through perforated air chambers. After interacting 
with the cascading bed of tablets, the air is drawn into a 
perforated exhaust air chamber for venting to the outside. 
This equipment currently is adaptable to both conventional 
and Pellegrini-type pans (see Fig 90-5). Recently, the man- 
ufacturers of the Pellegrini pan introduced a modification to 
the inlet air supply which permits drying air to be intro- 
duced underneath the tablet bed as well as being applied 
across the surface. A Pellegrini pan so modified is known as 
a Fast Dry Coater. 

A major contribution to film-coating processing technol- 
ogy was made by the introduction of the Accela-Cota, an 
invention of Eli Lilly & Co. This is also an angular pan 
rotating on a horizontal axis. The major difference from the 
Pellegrini pan is that the flat portion of the pan peripherals 
perforated completely, enabling air of the required volume 
and temperature to be introduced into the cabinet surround- 
ing the pan from above, and exhausted from a plenum in 
contact with the pan and positioned directly below the cas- 
cading bed of tablets (Fig 90-6). The presence of baffles in 
the pan augments the high efficiency in air exchange to 
ensure that processing times can be kept to a minimum. 
Capacities for this equipment range from the 10- to 15-kg 
laboratory scale-up to approximately 700 kg for the 66-in. 
model. On the production scale, unloading is facilitated by 
theuseoftheAccela-scoop. 

One variant of the Accela-Cota that also uses a perforated- 
pan design is the Hi-Coater, which contains four perforated 
panels (around the periphery of the pan) linked to air ducts 
that continuously make contact with a stationary exhaust 
plenum as the pan revolves (Fig 90-7). Capacities for.the 
Hi-Coater range from a 300-g (mini) to the 700-kg model 
HCF-200, with unloading in the production equipment be- 
ing accomplished by means of a port in the pan periphery 
enabling discharge to be made directly into a bin placed 
beneath the machine. , 

A third type of perforated-pan design is utilized by tne 
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PELLEGRINI -TYPE 



(a) 


(b) 


Key: X. Immersion Sword 

2. Coaxial conduit 

3. Coating pan 

4. Pan cover 

5. Clear control cover 

6. Silicone seal 

7. Stand 

8. Coaxial conduit adjustment 

9. Coating bed 


Fig 90-5. 


Schematic diagram of the immersed-sword apparatus for use .n either (a) a conventional pan or (b) a Pe.iegrin. pan. 


Driacoater (Fig 90-8). Unlike the tw o P^ious pieces of 
equipment, heated air is introduced into the back of the 
cascading bed of tablets by means of ducts, fixed to the 
SS the pan. Each duct is connected to a Perforated 
baffle inside the pan and makes int«mrt^t cantort ^tfa «- 
inlet-air plenum as the pan revolves. This has the effect of 


HEATED AIR SUPPLY 



partially lifting the tablets and acts as an aid to mixing. Air 
then is exhausted from the rear of the pan m a similar 
manner to that in the Pellegrini pan. Thus, drying is coun- 
tercurrent to the spraying of coating solution. One claim tor 
this equipment, which seems to have been substantiated, is 
that it tends to be less stressful on the tablets, causing less 
abrasion. The laboratory model of this equipment holds 
approximately 5 kg and production models, which are un- 
loaded on reversing the pan via a chute attached to the front 
of the pan, can handle up to 1000 kg. Finally, more recent 
introduction of the Glatt Coater (with capacities in the range 
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Fig 90-6. Schematlcdiagram of a48-ln AccelaCota(150-kg capac- 
ity). 
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Fig 90-7. Schematic diagram of the Hl-coater. 
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) A 25 to 1000 kg) completes the list of coating-pan types that 
maximize drying efficiency through perforated-pan design. 

Because of a growing requirement for coating drug dosage 
materials smaller in size than conventional tablets (eg, gran- 
ules and nonpareils), many of the manufacturers of perforat- 
ed pans offer suitable equipment modifications to facilitate 

this. , . . 

Although the evolution that has taken place in coating- 
pan design was done expressly to facilitate film coating, 
particularly when water is the solvent, the advances in pro- 
cessing technology that are derived are adaptable readily to 
the sugar-coating process, even though the requirements for 
in-process drying need not be as rigorous as it is for film 

coating. - - ■ , 

Fluidized-Bed Coating Equipment— Many exponents 
of this type of equipment will argue, often justifiably so, that 
it represents the ultimate in drying efficiency since the tab- 
lets are supported on a column of moving air allowing for a 
high area of contact between the drying medium and the 
product from which solvent must be removed rapidly. The 
nature of the fluid-bed process, however, essentially rennets 
its use to film coating. Tablets film coated by the fluidized- 
bed method often are more glossy, mainly because the coat- 
ing solution impinges upon them before much solvent loss 
has occurred. Limitations of fluid-bed equipment in tablet 
coating occur as the result of the rigorous treatment that 
tablets receive, causing greater potential for tablet damage. 
Fluid-bed coating equipment is, however, becoming preemi- 
nent for the purpose of applying modified-release film coat- 
ngs to particulates. , 
' The earliest fluid-bed coating equipment was based on the 
Wurster design, (Fig 90-9). A moving bed of tablets contin- 
uously passes up the central column and, as a result of the 
effect of an expansion chamber at the top which reduces air 
velocity, the tablets drop back to the bottom between the 
walls of the inner and outer chamber. The concept of the 
equipment is based on a single spraygun situated in the 
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Fig 90-9. Schematic diagram of the Wurster fluidized-bed coater. 
Perforations in the air-distribution plate are designed to control direc- 
tion of particle movement. 

center of an air-distribution plate. The geometric propor- 
tions of the inner and outer columns are such that a continu- 
ously moving column of tablets passes through the spray 
path with every tablet capturing some of the coating and, at 
the same time, ensuring that little or no solution reaches the 
wall of the inner column. 

While laboratory models usually are equipped with either 
6- or 12-in-diameter outer chambers (having capacities in 
the range of 1-2 kg and 10-15 kg, respectively), production 
models usually are based on an 18-in chamber diameter. 
Any attempt to increase the diameter while retaining only a 
single spraygun usually results in some tablets passing 
through the spray zone without receiving any coating. Con- 
sequently, large models use multiples of the 18-in concept; 
for example, the 32-in model has three inner-coating parti- 
tions and sprayguns, while the 46-in model has seven, all 
based on the 18-in model geometry/allowing for capacities 
up to approximately 400 kg. ; 

The design of currently available fluid-bed equipment 
permits a lot of versatility in processing. Equipment avail- 
able from several manufacturers {Glatt, Aeromatic and Vec- 
tor /Freund) is designed on the multiple-insert principle, 
which permits various types of unit processes to be under- 
taken, including: 

1. Wurster coating. 

2. Rotor granulation (to produce spheroids) and coating. 

3. Fluid-bed granulation. 

4. Fluid-bed drying. 

Each of these processes can be performed by removing one 
type of insert and replacing it with another. 

A rather innovative approach to fluid-bed coating oc- 
curred recently with the introduction of the Kugel coater. 
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Potential for Totally Automated Coating Systems- 
nur^g the last few decades, the industry has witnessed a 
23 transition from manually operated sugar-coaUng 
g ll.roc rpouirine total operator involvement, to film- 
P '°t^ intervention is infrequent 

SSinr^iUarity with, and understanding of table 
as a unit process, and a desire to ensure compliance 
SgMPs. ultimately have increased the des.re for ^ 
w -rl,mit« to desien specifications of every batch of 
^EfS? Obv ou 8 sly this is difficult for any process 

Xret^ 

^oKSaton of the process can provide a solution to 
these prS ems. This involves developing a process where 
Vi thrhnoortant variables and requisite constraints are 
all the im P°" a ™ , then can b e translated into a form 
**1XA£ ^contro and monitoring of the various 

pending on end-user preferences). 
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Quality Control of Coated Tablets 

have o£»red from previous lots, sigmfy.nt : . rf .nged ° 
^•^5»S*S^ to^roducu, co.Ud table* 

comply wtth M oh ^ ^ ^ b".X be 

spection being required or the neea ior u« 

TaSo batch reproducibility for d^gjjbnjbrf 
paramount importance, consequently each batch of product 
should be submitted to some meaningful tes such as a disso 
lution test. Depending on the character^ ics tfttatab£ 
core to be coated, tablet coatings ™l£tiZX£S* ot 
lease profile, even when not »^7\ ( ^£££ibXw- 
enteric- or controlled-release products). S»neet^nw 

ior may vary with each batch coated ^ *J*^S 

example, on differences in processing ; condrt ons o 

ty in raw materials used), it is essential that this parameter 


should be assessed, particularly in .products that are typical- 
ly borderline (refer to Chapter 89). . «• 

Stability Testing of Coated Products 

The stability-testing program for coated product* . wffl 
vflrv depending on the dosage form and its composition. 
Sany sSSy testing programs are based 
have disclosed the conditions a product may encounter jmor 
to end use Such conditions usually are referred to as nor- 
SrandTnclJde ranges in temperature, humidity, light and 

^Sratipibility are established 

for absorption and drug content. 1 he time ovei , 

Z Smmercial package tested under ^^^^ 
ThP stability of the product also may be tested unaer 

Lt unavailability remains » withm speafirf Umte g 

i * a lifp This confirmation can be orjtainea u> 

^SZX^. /uring the pilot 
sentative lots of ^^^^^J^SS^S^ 
must continue for ^^^tZlS-mlmzn^c- 

the shelf life of a product, 
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Pharmacokinetics of Paracetamol (Acetaminophen) 
after Intravenous and Oral Administration 

M. D. Rawlins, D. B. Henderson and A. R. Hijab 
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Summary. Plasma paracetamol concentrations were 
measured in 6 volunteers 'after single intravenous 
(1000 mg) and oral (500 mg, 1000 mg and 2000 mg) 
doses of the drug. Paracetamol levels declined mul- 
tiphasically with a mean clearance after intravenous 
administration of 352 ± 40 ml/min. A two-compart- 
ment open model appeared to describe the decline 
adequately. Comparison of the areas under the plas- 
Sa concentration-time curves (AUC) indicated that 
I al bioavailability increased from 0.63 ± 0 02 after 
'500 mg, to 0.89 ± 0.04 and 0.87 ± 0.08 after 1000 mg 
and 2000 mg, respectively. As a consequence of the 
. incomplete bioavailability of paracetamol, as well as 
: its multicompartments distribution, accurate esti- 
: mates of its distribution volume and clearance cannot 
be obtained if the drug is given orally. However an 
estimate of its total plasma clearance may be derived 
v from the AUC after a 500 mg oral dose. 

i Key words: Paracetamol, Acetaminophen, phar- 
j macokmetics, first-pass elimination, intravenous ad- 
? ministration 


! 


Paracetamol (N-acetyl-paraminophenol; acetamino- 
phen) is a widely used non-narcotic analgesic. It is 
eliminated in the urine predominantly as sulphate and 
glucuronide conjugates (Cummings et al., 1967), and 
has therefore been used as a "model" substrate for 
I examining conjugation mechanisms in man (Triggs et 
* al., 1975;Shively&Vesell, 1975). However, although 
its absorption characteristics have been studied exten- 
sively in man (Heading et al., 1973), its distribution 
* elimination kinetics have been inadequately in- 
stigated. We have therefore examined and corn- 
ed these aspects of paracetamol kinetics following 
>th intravenous and oral administration to 
healthy volunteers. 


Methods and Materials 

Six healthy male subjects consented to participate in 
the study which had received prior approval from the 
local ethical committee. All the subjects denied hav- 
ing consumed any drug in the four weeks before the 
start of the project. On separate occasions (at least 
one week apart) each volunteer received 1000 mg 
paracetamol intravenously (as a 20 mg/ml solution 
over 5 minutes), and 500 mg, 1000 mg, and 2000 mg 
orally as tablets (Panadol®). Venous blood was with- 
drawn from an indwelling cannula at 0, 15, 30, 45, 60 
90, 120, 180, 240, 300 and 360 minutes after' the 
intravenous injection (timed from the mid-point of 
the 5-minute infusion) and at 0, 30, 60, 90, 120, 180, 
240, 300 and 360 minutes after oral dosing. Heparin- 
ised plasma was stored at -20° C before analysis in 
duplicate by gas chromatography (Prescott, 1971). 

The decline in plasma paracetamol concentration 
(C t ) after intravenous administration appeared to be 
bi-exponential: — 


C t = At~ 01 + Be~* 


(1) 


and the data was interpreted in the form of a two-com- 
partment open model (Riggs, 1963). The volumes V, 
(central, sampling compartment) and V 2 (peripheral 
compartment), the intercompartmental rate constants 
k 12 and k 21 , and the true elimination rate constant k 13 
were derived from the hybrid terms A, B, a and fiof 
equation 1 (Riggs, 1963). These hybrid terms were 
calculated by least-squares regression analysis and the 
method of residuals. The area under the plasma con- 
centration time curve (AUC) was determined by the 
trapezoidal rule, and extrapolated to infinity: the lat- 
ter never exceeded 15% of the total AUC. The termi- 
nal (3-6 h) mono-exponential decline in plasma 
paracetamol concentration after oral dosing was used 
to calculate the oral half-life of the drug (TV 2 ) 
Bioavailability (F) was determined: - 
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r ^ AUC oral x 


Dose i. v. 


AUC i. v. Dose oral 
and plasma clearance (Vp) as (Riggs, 1963): 
Dose i. v. 


Vp=- 


AUC i.v. 


(2) 


(3) 


Results 

Intravenous Administration 

The decline of plasma paracetamol concentrations in 
our subjects is shown in Figure 1. An initial rapid fall 
over the first 1.5 h was followed by a mono-exponenti- 
al decline over the remaining 4.5 h of observation and 
could be described by the equation (see Table 1): — 

C t = 13.8 • e" 2 - 551 + 13.0 • e-°- 28t (4) 

The half-life (TV 2a ) of the first exponential ranged 
from 0.15 to 0.53 hrs (mean = 0.32 h) and that of the 
second exponential TV 2/5 ) ranged from 2.24 to 3.30 h 
(mean = 2.50 h). 

The compartmental volumes and intercompart- 
mental rate constants are shown in Table 1 . There was 
little interindividual variability in apparent distribu- 
tion volume and, as expected from the multiphasic 
decline in concentration, /? was observed to be a poor 
estimate of k l3 . Plasma clearance (equation 3) ranged 
from 264 to 505 ml/min (352 ± 40 ml/min, mean ± 
S.E.). 


Oral Administration 

The mean plasma concentrations of paracetamol after 
500 mg, 1000 mg and 2000 mg doses are shown in 
Figure 2. Plasma concentrations reached a maximum 
at 0.5 to 1 .0 hrs after dosing with 500 mg and 1000 mg, 
but continued to rise for 2 h after 2000 mg. The 
decline in plasma concentration appeared to be 
biphasic with a terminal mono-exponential decay af- 
ter 3 hours. The TV 2 oral was therefore calculated 
from the concentrations observed at 3, 4, 5, and 6 
hours after dosing (see Table 2). No difference inTV 2 
oral was observed between doses, and no difference 
was found between TV 2/ j after intravenous and oral 
dosing. 

Oral bioavailability (equation 2) was incomplete 
at all dose levels (see Table 2) and was significantly 
(P < 0.05) less after 500 mg than after 1000 mg or 
2000 mg. 


M. D. Rawlins et al.: Pharmacokinetics of Paracetamol^ 
Discussion 

Our study indicates that paracetamol kinetics are 
more complicated than previously supposed. The de- ; 
cline in plasma concentration after intravenous injec- . 
tion is multiphasic and incompatible with a one-com- 
partment open model. Although we have interpreted 
our data according to a two-compartment open model 
this cannot be regarded as a unique solution: not only 
might more frequent early sampling have revealed a 
third exponential component to the decline in drug m 
concentration, but "central" compartment samplirig is :|| 
also limited in its ability to recognise small "deep" 
compartments (Rawlins et al., 1976). The multiphasic 
decline of plasma paracetamol levels was also ob- ^ 
served after oral dosing with 500 mg and 1000 mg,.but | 
not after 2000 mg - presumably because of the % 
slower absorption rate at this dose level (see Figure 2). 

The slope of the terminal (#) exponential decline v 
in concentration (0.28 ± 0.02 h" 1 ) was observed to be 
a gross underestimate of the elimination rate (k 13 ) 
constant (0.51 ± 0.06 hours; 1 )- There was n0 signifi- 
cant correlation between Vp and either /? or k 13 
(r = 0.803, 0.1 > P > 0.05; r = 0.153, P < 0.1, 
respectively). Estimates of the rate of paracetamol 
elimination can only therefore be obtained by meas- 
urement of Vp. Incomplete bioavailability was ob- 
served at all dose levels (see Table 2). Since the ab- 
sorption of paracetamol from the gastrointestinal tract 
is virtually complete, "first-pass" elimination by the 
liver or gut wall is likely to account for this. Such an 
explanation would be compatible with the observation; 
that bioavailiability was significantly less after 500 mg, 
than after 1000 mg or 2000 mg orally. The absence of 
significant differences in TV v between the three oral 
doses would not support a hypothesis of dose-depen- 
dent elimination. 

These observations have important implications 
for the use of paracetafnol as a "model" substrate. 
First, V/ 2fi (oral or intravenous) is a poor estimate of 
the elimination rate of the drug in man. Second, dose- 
dependent "first-pass" elimination of paracetamol 
means that estimates of distribution volume and clear- 
ance after oral dosing are unacceptable. However, a 
significant correlation was found between the AUC 
after an oral dose of 500 mg, and Vp calculated from 
the intravenous studies (r = -0.876; P < 0.05): - 
Vp = 728 - 23 (AUC) (5) 
No significant (P > 0.05) correlation was observed 
between Vp, and the AUC after oral dosing with 1000 
mg (r = -0.527) and 2000 mg (r = -0.734) - 
probably because of the greater variance in bioavail- 
ability at these doses (see Table 2). If paracetamol 
elimination is therefore to be studied quantitatively, 
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Fig. 1. Plasma concentrations of paracetamol (logarithmic scale) ± 
S.E.M. after the intravenous administration of 1000 mg to six 
volunteers. The solid line represents the least-squares regression 
equation: - 

Q = 13.8 ■ e- 255t + 13.0 • e" 028 ' 

The dashed lines represent the fast and slow exponential slopes 
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Fig. 2. Plasma concentrations of paracetamol (logarithmic scale) ± 
S.E.M. after the oral administration of 500 mg, 1000 mg and 2000 
mg to six volunteers 


; Table 1. Pharmacokinetic variables calculated after the intravenous 
administration of 1000 mg paracetamol (mean ± S.E.M.) 

\A ~ 13.8 ± 2.5 ug/ml 

:a = 2.55 ± 0.47 hrs" 1 

:B = 13.0 ± 1.0 ug/ml 

)fi = 0.28 ± 0.02 hrs- 1 

JAUC = 50.5 ± 5.7 ug/ml ■ h 

^p = 352 ±40ml/min 

[V, = 0.60 ± 0.07 l/kg 

jV 2 = 0.35 ± 0.02 l/kg 

% 2 = 0.95 ± 0.27 hrs" 1 

£ 21 = 1.41 ±0.18 hrs" 1 

* 13 = 0.51 ±0.06 hrs" 1 


Table 2. Pharmacokinetic constants calculated after oral adminis- 
tration of paracetamol (mean ± S.E.M.) 


Dose Area under plasma Apparent 
(mg) concentration-time half-life 
curve (ug/ml ■ hour) (hrs) 


Bioavailability 


500 15.6 ± 3.4 
1000 44.0 ± 3.7 
2000 87.6 ± 12.6 


2.79 ± 0.35 0.63 ± 0.02 
2.68 ± 0.17 0.89 ± 0.04 
2.31 ± 0.18 0.87 ± 0.08 
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or to be used as a "model" substrate, clearance should 
either be measured directly (after intravenous ad- 
ministration) or inferred from an estimate of the AUC 
after 500 mg orally. In our study doses were not ad- 
justed for body size and the subjects' weights ranged 
from 65-72 kg. It would therefore be advantageous 
for studies utilizing equation 5 to administer the drug 
in a dose of 7 mg/kg body weight. 
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New Methods of Drug Delivery 

Robert Langer* 


Conventional forms of drug administration generally rely 
on pills, eye drops, ointments, and intravenous solutions. 
Recently, a number of novel drug delivery approaches 
have been developed These approaches include drug 
modification by chemical means, drug entrapment in 
small vesicles that are injected into the bloodstream, and 
drug entrapment within pumps or polymeric materials 
that are placed in desired bodily compartments (for 
example, die eye or beneath the skin). These techniques 
have already led to delivery systems that improve human 
health, and continued research may revolutionize the way 
many drugs are delivered. 


IN THE LAST FEW YEARS, WE HAVE WITNESSED AN EXPLOSION 
in research aimed at creating new drug delivery systems. This 
research has been fueled by several developments, (i) Many 
drugs, both old pharmaceutical products and new molecular enti-_ 
tics, can be administered in ways that not only improve safety and 
efficacy but, in some cases, permit new therapies, (ii) Newer and 
complex drugs such as proteins are becoming available through 
genetic engineering; the delivery of these drugs is often more 
complicated than that of more conventional drugs, necessitating 
novel delivery systems, (iii) There is an increasing awareness that 
drug release patterns (continuous versus pulsatile) significantly 
affect therapeutic responses, (iv) The overall expense to create a 
pharmaceutical that is a new molecular entity is at least S1S0 
million; the lower cost to improve the delivery of an existing drug is 
sometimes seen as a better investment This issue is exacerbated 
because drug patents expire after 17 years, and a new drug delivery 
system may permit continued benefits for the company producing it. 


The author it in the Department of Chemical Engineering, Harvard-MIT Division of 
Health Sciences and Technology, and Whitaker Collect of Health Sciences, Miuachu- 
acta Insa'tute of Technology, Cambridge, MA 02139, and Department of Surgery, 
Children's Hospital, Boston,' MA 021 1ST He is Kenneth J. Gerrncshauaen Professor of 
Chemical and Biochemical Engineering at MIT. 

To whom corapcttdence should be addressed at the Massachusetts Institute of 
Technology, E25-&2, Cambridge, MA 02139. 


(v) Advances in materials science and biotechnology are permitting 
the development of new physical and chemical methods of drug 
delivery. In this article, some of the methods being studied to deliver 
drugs are discussed. 


Chemical Modification 

A drug may be chemically modified to selectively alter such 
properties as biodistribution, pharmacokinetics, solubility, or anti- 
genicity. One example is drugs that are designed to cross a normally 
impermeable barrier. The blood brain barrier, which contains tight 
endothelial cell junctions and prevents most molecules from enter- 
ing the central nervous system, has been the target of considerable 
research. Several experimental approaches have been developed, in 
which drugs are complexed to agents that enable them to cross this 
barrier (for example, by rendering the drug more lipophilic or 
coupling it to a molecule that has a specific transport mechanism) 
<*)• 

Drugs have also been attached to soluble macromolecules such as 
proteins, polysaccharides, or synthetic polymers via degradablc 
linkages. This process alters the drug's size and other properties, 
resulting in different pharmacokinetics and biodistribution. One 
example involves coupling the antitumor agent neocarzinostatin to 
styrcnc-maleic acid copolymers (2). When this complex was injected 
intra-arterially into patients with hepatocellular carcinoma, de- 
creases in a-fctoprotein levels and tumor size were observed. In 
animals, antitumor agents such as doxorubicin coupled to N-(2- 
hydroxypropyl) methacrylamide copolymers showed radically al- 
tered pharmacokinetics, resulting in reduced toxicity. The half-life of 
the drug in plasma and the drug levels in the tumor were increased 
while the concentrations in the periphery decreased (5). 

An exciting approach For "targeting" drugs to specific cells 
involves linkage of a bioacrive agent (drug, radioisotope, or toxin) 
to a monoclonal antibody. Antibody conjugates are now being 
studied in the treatment of cancer, septic shock, and acquired 
immunodeficiency syndrome (AIDS). There are several critical 
issues in the use of antibodies. With mouse antibodies, anaphylactic 
reactions frequently occur with repeated adrninistration. Thus, 
ongoing research is directed toward producing human monoclonal 
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antibodies or toward making mouse antibodies more human-like 
through the use of genetic engineering. This problem may be 
exacerbated for immunotoxins (antibody-toxins) because of the 
proteinaceous character of the -toxin. Thus far, clinical usefulness of 
immunotoxins has been demonstrated in therapy regimens charac- 
terized by rapid pharmacokinetics, such as treatments for lymphoma 
and graft versus host disease, and extracorporeal treatments such as 
bone marrow purgings. The powerful killer potential of certain 
toxins, such as ricin or diphtheria toxin, makes immunotoxins an 
attractive approach if an appropriate antibody is available that can be 
internalized by desired cells (4). Antibody-radioisotopes act over a 
greater distance than immunotoxins. One requirement with such 
complexes is the availability of a suitable chelator that allows a 
kinetically stable binding of the radioisotope. The degradation of 
the linker structure between die chelator and antibody is also critical, 
since nondegradable structures may cause kidney and liver toxicity. 
Initial clinical results with certain beta-emitters have shown regres- 
sion of lymphomas. Other critical issues in the use of an antibody arc 
its affinity, specificity, size, and large-scale production; for cancer 
chemotherapy, tumor characteristics and blood flow are important 
considerations (5). 

Polymers, such as polyethylene glycol (PEG), can be attached to 
drugs to cither lengthen their lifetime or alter their immunogenicity. 
The polymers physically prevent cells and enzymes from attacking 
the drug. PEG-uricase reduced scrum urate levels in patients with 
hyperuricemia and gout; PEG-asparaginasc has been used for 
patients with leukemia, and PEG-adenosine deaminase has been 
used for patients with a severe combined immunodeficiency (6). 
Drug longevity and immunogenicity may also be affected by 
biological approaches, including protein engineering and altering 
glycosylation patterns. 


Vesicles 

Vesicles are microparticulates or colloidal carriers composed of 
substances such as proteins, lipids (for example, liposomes), carbo- 
hydrates, or synthetic polymers. Vesicles share some of the advan- 
tages of drug-macromolecular conjugates (altered pharmacokinetics 
and biodistribution) and make possible a potentially higher drug 
payload. Liposomes, the most widely studied of these vesicles, can 
be formulated with a variety of lipid compositions and structures 
and are potentially nontoxic, degradable, and nonimmunogenic. 
However, many liposomes exhibit poor stability during storage and 
use. Liposome stability may be improved by increasing the liposo- 
mal cholesterol content or synthesizing polymcrizable liposomes, 
but biodegradability may then be diminished (7). Engineering issues 
such as large-scale lipid production and manufacturing of liposomes 
are also critical to the more widespread use of these vesicles. 

In clinical studies, liposomal doxorubicin reduces side effects such 
as alopecia and nausea associated with the administration of the free 
drug yet permits a higher maximal tolerated dose and a reduction in 
cardiac toxicity of 86% (8). Liposomal amphotericin B is more 
effective than die free drug in treating immunocompromised cancer 
patients with fungal infections (9). Methods are also being studied 
to create liposomes that release more drug in response to specific 
stimuli such as heat, enzymes, polycations, light, or pH (10). 

Vesicles may be "targeted" either passively or actively. Passive 
targeting involves the natural uptake by cells that scavenge foreign 
microparticulates such as reticuloendothelial cells, which are concen- 
trated in tissues such as the liver or spleen, or circulating monocytes. 
Thus, liposomes have been used for delivering toxic agents, such as 
arsenic, to treat liver-specific parasitic diseases (for example, schisto- 
somiasis) in animal models (11) with doses 0.1% of those of 
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conventional regimens. Similarly, immunostimulating agents encap- 
sulated in liposomes are taken up by monocytes, which then leads to 
enhanced killer cell activity. This approach is being tested in certain 
cancer treatments (12). Liposomes can also be used to deliver 
vaccines (13). 

Active targeting generally involves placing a charge or recognition 
sequence (for example, from an antibody) onto the vesicle such that 
it is more rapidly taken up by certain cell types (such as cancer cells) 
than others. One difficulty with this approach is that reticuloendo- 
thelial cells also scavenge these vesicles. However, recent approaches 
for altering vesicle compositions, by coating them with surfactants 
or altering lipid compositions, may reduce the magnitude of this 
problem (14). Vesicles that contain magnetic microparricles have 
also been used to target drugs to specific locations in animal models 
via external magnetic fields (15). 


Controlled Release Systems 

Controlled release systems deliver a drug at a predaermined rate 
for a definite time period. In general, release rates arc determined by 
the design of the system and are nearly independent of environmen- 
tal conditions, such as pH. These systems can also deliver drugs for 
long time periods (days to years). Although vesicles or drug 
macromolecule conjugates may prolong release, optimal control is 
afforded if the drug is placed in a polymeric material or pump. 
Controlled release systems differ from older "sustained release" or 
"slow release" preparations that include complexes (to salts or ion- 
exchange resins), suspensions, emulsions, slowly dissolving coatings 
that do not dissolve in the stomach yet do dissolve in the intestine 
(enteric coatings), and compressed tablets. Generally, sustained- 
release systems emit drugs in less than a day, and environmental 
conditions influence release rates, which leads to patient to patient 
variations. 

Controlled release systems provide advantages over conventional 
drug therapies. For example, after ingestion or injection of standard 
dosage forms, the blood level of the drug rises, peaks, and thai 
declines. Since each drug has a therapeutic range above which it is 
toxic and below which it is ineffective, oscillating drug levels may 
cause alternating periods of ineffectiveness and toxicity. Although 
sustained release preparations attenuate the peaks and valleys, they 
do not eliminate them. In contrast, a controlled release preparation 
maintains the drug in the desired therapeutic range by a single 
administration. Other potential advantages of controlled release 
systems include (i) localized delivery of the drug to a particular body 
compartment, thereby lowering the systemic drug level; (ii) preser- 
vation of medications that are rapidly destroyed by the body (this is 
particularly important for biologically sensitive molecules such as 
proteins); (iii) reduced need for follow-up care; (iv) increased 
comfort; and (v) improved compliance. 

Pumps are larger and more costly than polymeric systems and 
require surgery for implantation; however, they offer the advantage 
of very precise drug control and can release the drug directly into the 
bloodstream. In addition, some pumps are refillable. Both externally 
worn and implantable pumps have been developed. In both cases, 
the driving force is a pressure difference, which results in bulk flow 
of a drug solution through an orifice. 

A common externally worn pressure-driven pump is the miniature 
syringe pump, in which the drug is delivered at a constant rate by a 
syringe barrel that moves at a constant velocity; the delivery rate is 
adjusted by altering either the drug concentration in the syringe or 
the barrel velocity. An implantable pressure-driven pump has been 
developed that uses a fluorocarbon propellant as a driving force. In 
this case, the pump controls a collapsible bellows, which divides the 
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pump interior into two chambers, one containing the propellant and 
the other containing the drug solution. At body temperature, the 
vapor pressure exerted by the propellant forces the drug solution 
through a filter and flow regulator at a constant rate. Other 
pressure-driven pumps use piezoelectric disk benders or valves. 
Release rates can be externally regulated by the use of approaches 
such as telemetry. Pumps have been used in cancer therapy where a 
catheter extending from a pump is selectively inserted into a blood 
vessel feeding an organ such as the liver or brain to increase the 
delivery rate to the diseased organ while sparing the rest of the body. 
Pumps have also been used to release insulin, heparin, morphine, 
and other drugs (16). 

Polymeric materials generally release drugs by the following 
mechanisms: (i) diffusion, (ii) chemical reaction, or (iii) solvent 
activation. There are two types of diffusion-controlled systems: 
reservoirs (Fig. 1A) and matrices (Fig. IB). Chemical control is 
accomplished either by polymer degradation (Fig. 1C) or chemical 
cleavage of the drug from a polymer (Fig. ID). Solvent activation 
involves either swelling of the polymer (Fig. IE) or osmotic effects 
(Fig. 1, F and G). 

One of die first clinically used controlled release polymer systems 
was the Ocusert, a reservoir system designed to improve therapy for 
glaucoma, one of the world's leading causes of blindness. The 


conventional treatment involved the use of pilocarpine eye drops 
(which reduce intraocular pressure) four rimes a day. The eye drops 
often caused side effects, and patient compliance was sometimes 
poor. The Ocusert delivers pilocarpine (20 or 40 p.g/hour) continu- 
ously for 1 week and controls intraocular pressure with less drug and 
fewer side effects. It is placed in the lower eyelid's conjunctival cul- 
de-sac, where it floats in the tear film. Despite its advantages, the 
Ocusert never achieved widespread use, initially because of its 
expense and poor acceptance by older patients who were reluctant to 
adjust to this system and later because of the introduction of timolol, 
a drug that requires only two applications per day. 

The use of polymers to deliver contraceptive steroids has been 
widely studied. Four types of systems have been examined: (i) 
subdermal reservoir implants composed of nondegradable polymers 
that release drug for over 5 years (for example, the Norplant); these 
systems, based on a seminal study of diffusion through silicone 
rubber (*7), are approved for use in 15 countries; (ii) subdermal 
implants or injectable microspheres composed of degradablc materi- 
als, such as lactic acid-glycohc acid copolymers, polycaprolactones, 
or cholesterol; (iii) steroid-releasing intrauterine devices, such as the 
Progestasert, an ethyienc-vinyl acetate copolymer reservoir that 
contains a 3-day supply (38 mg) of the amount of progesterone 
normally taken orally, but which, since it delivers progesterone to its 
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Fig. 1. Polymer release mechanisms. 
The most common release mechanism 
is diffusion, whereby the drug migrates 
from its initial position in the polymer- 
ic system to the polymer's outer surface 
and then to the body. Diffusion may 
occur through a reservoir (A), in which 
a drug core is surrounded by a polymer 
film, or in a matrix (B), where the drug 
is uniformly distributed through the 
polymeric system. Drugs can also be 
released by chemical mechanisms such 
as degradation of the polymer (C) or 
cleavage of the drug from a polymer 
backbone (D). Exposure to a solvent 
can also activate drug release. For ex- 
ample, the drug may be locked into 
place by polymer chains, and, upon 
exposure to environmental fluid, the 
outer polymer regions begin to swell, 
allowing the drug to move outward 
(E), or water may permeate a drug- 
polymer system as a result of osmotic 
pressure, causing pores to form and 
bringing about drug release (F). An 
attractive osmotic system that can pro- 
vide constant release rates exists in the 
form of a pill that has a laser-drilled 
hole in the surface of a polymer coating 
(G). Some polymer systems can be 
externally activated to release more 
drug when needed, using forces such as 
magnetism (H). In this case, an external 
magnetic field causes porymer-cmbed- 
ded magnetic beads to "squeeze" drug- 
containing pores, forcing more drug 
out of a matrix. In all cases, dots repre- 
sent drug, and in (H) the large dots 
represent magnetic beads. Combina- 
tions of the above mechanisms are pos- 
sible. Release rates from polymer sys- 

terns can be controlled by the nature of 

the polymeric material (for example, crystallinity or pore structure for 
diffusion-controlled systems; the lability of the bonds or the hydrophobicity 
of the monomers for chemically controDed systems) and the design of the 
system (for example, thickness and shape). The advantage of having systems 
with different release mechanisms is that each can accomplish different goals. 
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For example, reservoir systems are able to produce near-constant release 
rates, whereas matrix systems are inexpensive to manufacture. Chemically 
controlled systems generally result in elimination of the polymer, whereas 
solvent-activated systems have release rates independent of pH (50). 
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target locally at a rate of approximately 65 fig/day, lasts for over 1 
year; and (iv) vaginal rings, which arc silicone reservoir systems used 
fix 3 to 6 months ; generally, for each monthly cycle they are inserted 
for 3 weeks and then are withdrawn for 1 wed: (18). 
. Tetracycline, incorpor a ted into diffusion-controlled systems com* 
posed of cmyicne-vinyi acetate copolymer or other substances, has 
been used to treat periodontal disease. When this controlled release 
system was placed in the periodontal pocket, significant reductions 
in bacterial counts and in die incidence of gingivitis were observed. 
Furthermore, because the systems are placed next to their target, 
treatment is accomplished with less than one-thousandth of the 
normal systemic dose (19). 

A number of other controlled release systems are under study. 
These include localized release of diphosphonates (calcium chela- 
tors) to prevent heart valve calcification, dopamine or bromocrip- 
tine for potential treatment of Parkinson's disease, and bethanecol 
for potential treatment of Alzheimer's disease (20). 

Controlled Release Systems for 
Peptides and Proteins 

For many years, controlled-release systems were capable of slowly 
releasing drugs of only low molecular weight (<600). Large 
molecules such as proteins were not considered feasible candidates, 
because polypeptides were considered too large to slowly diffuse 
through most polymeric materials, even after swelling of the poly- 
mer. Large molecules could diffuse through highly porous mem- 
branes such as Milliporc filters or certain gels such as poryacrylam- 
ide; however, in these cases, diffusion was generally too rapid to be 
of value and tissue damage was usually observed. The discovery that 
matrices of solid hydrophobic polymers containing powdered mac- 
romolecules enabled molecules of nearly any size to be released for 
over 100 days permitted controlled delivery of a variety of proteins, 
polysaccharides, and polynucleotides (21). Examples of polymers 
that perform in this way are nondegradable ethylcnc-vinyl acetate 
copolymer and degradable lactic arid-glycolic acid copolymers. 
Certain hydrogek such as poly(hydroxyethylmethacrylate) or poly 
(vinylalcohol) also work effectively but release proteins for shorter 
time periods than the above polymer systems. 

The release mechanism generally involves movement of the 
polypeptide through a complex porous path in the polymer matrix. 
If the polymer erodes, this will affect the pore structure and 
accelerate the release. Factors influencing release rates include 
protein particle size and loading, protein solubility and molecular 
weight, polymer composition and molecular weight, and the dimen- 
sions and shape of the matrix (22). Polymer systems are now being 
used in animal studies to release many proteins, including insulin, 
growth factors, and angiogenesis inhibitors (23). The first Food and 
Drug Administration (FDA)-approved system for controlled re- 
lease of a peptide, the Lupron Depot (injectable microspheres 
composed of lactic arid-glycolic arid copolymer and leuprolidc 
acetate, and lasting 30 days) was recently introduced for the 
treatment of prostate cancer. Other polymeric systems for releasing 
similar drugs (24) are also under evaluation for treating endometri- 
osis and other conditions. 

A number of challenges in protein delivery remain. Foremost 
among these is that, when encapsulated proteins remain in the body 
for a long time, they may denature or aggregate as a result of 
exposure to moisture at 37°C This can cause a loss of biological 
activity and possible changes in immunogenicity. Stabilization 
approaches being developed in protein chemistry (25) will be 
important for the success of some of these delivery systems. In one 
study that used solid proteins as a model, small amounts of added 
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water induced aggregation of albumin, ovalbumin, glucose oxi dase, 
and p-lactoglobulin. The aggregation as a function of added water 
went through a maximum with just 3 uJ of water, causing 97% 
aggregation of 10 mg of albumin in 24 hours. At lower and higher 
water concentrations, aggregation was reduced. The aggregation 
mechanism was discovered to be intermolecular S-S bond forma- 
tion through thiol-disulfide interchange. This, in turn, suggested 
rational strategies for protein stabilization, including modifying 
sulfhydryl residues, lyophilizing from acidic solutions, controlling 
moisture content, using appropriate additives, and developing spe- 
cific polymer matrix compositions (26). In a study of ribonucleasc, 
oxygen was responsible for protein aggregation (27). 


Transdermal Controlled Release Systems 

The skin is often considered a barrier that keeps all agents, 
including drugs, out of the body. However, a few drugs have just 
the right properties to penetrate the skin at appreciable rates and are 
potent enough so that only low doses arc required. Furthermore, 
compared to the oral route, losses due to fiver metabolism are 
reduced. The rate-limiting barrier to drug entry through the skin is 
the outermost skin layer, the stratum corneum, which is composed 
primarily of keratin and lipids. For a drug to penetrate the skin 
significantly, it should have a low molecular weight and appreciable 
solubility in both water and oil. 

The first transdermal delivery system introduced clinically released 
scopolamine from patches (reservoir systems) to prevent nausea 
associated with motion sickness. After the patch has been applied, a 
4- to 6-hour lag period is required for die drug to reach therapeutic 
concentrations. Because of the small amount of drug required (7 
ILg/hour over 3 days) and the high skin permeability of scopolamine, 
this system can be designed so that the device rather than the skin is 
rate-controlling. This minimizes patient to patient variations. The 
device is placed behind the ear because the permeability of the 
stratum corneum there is comparatively high, which further enables 
the device, rather than the skin, to provide the principal diffusion 
barrier. 

The most widely used transdermal systems release nitroglycerin 
daily for the treatment of heart disease. These systems, first intro- 
duced in 1982, have annual sales of approximately S500 million. 
The amount of nitroglycerin absorbed is determined by the skin 
rather than the device; nitroglycerin patches of different sizes are 
available so that patients can select the desired dosages. However, 
the continuous delivery of nitroglycerin may create drug tolerance. 
The possibility of controlled intermittent delivery of nitroglycerin is 
being explored. 

A weekly donidine patch and a twice weekly estradiol patch are 
used to treat hypertension and estradiol deficiency (for postmeno- 
pausal females), respectively. There have been reports of local 
irritation with these systems, perhaps because of their longer 
application periods or because of the combined effects of bioadhe- 
sives, chemicals, and drugs used in the formulations. Transdermal 
systems for the delivery of testosterone, fcntanyl, isosorbidc dini- 
trate, nicotine, timolol, and antihistamines, although not yet clini- 
cally available, are understudy. 

The biggest challenge in transdermal delivery is to increase the 
variety of drugs that can be administered. Four approaches have 
been explored. Electrical means such as iontophoresis, which can 
drive charged molecules through the skin, have received consider- 
able attention. It has been proposed that iontophoresis might allow 
the transdermal delivery of larger molecular weight drugs, such as 
insulin. Animal studies with insulin have not led to conclusive 
results; insulin permeation depends on the animal model, the type of 
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current, and whether the stratum corncum has been removed {28). 
Nonetheless, clinical studies have shown that smaller peptides such 
as luteinizing hormone-releasing hormone (LHRH) can be deliv- 
ered at increased rates (29). A second approach uses ultrasound to 
enhance transdermal drug permeation. Ultrasound also eliminates 
the lag times associated with transdermal drug delivery in animal 
models (50). Chemical modification provides a third approach: a 
lipophilic drug could be synthesized that penetrates the skin and is 
subsequently converted by epidermal enzymes into the original 
drug. Finally, penetration enhancers such as Azonc, dimethyl sulfox- 
ide, and dimethyl fbrmamide have been used. However, extensive 
testing must be done to establish safety. It may be more useful to 
milrrr agents used in FDA-approved topical formulations (for 
example, cthanol is used in the estradiol system to enhance penetra- 
tion). 


Fig. 2. Idealized diagram of polymer 
matrices displaying surface erosion 
(A) or bulk erosion (B). 



Novel Degradablc Polymers 

Most materials used in medicine today were not designed for 
biomedical applications. For example, the polymers used in the 
artificial heart and dialysis tubing were originally used in ladies* 
girdles and sausage casings, respectively. These materials were 
chosen because they appeared, to some extent, to resemble the 
organs they were intended to replace. A significant challenge is to 
develop more rational approaches for creating improved materials 
for humans. This may be particularly important in the development 
of dcgradable polymers. 

For such polymers, to maximize control over release, it is often 
desirable for a system to degrade only from its surface (Fig. 2A). 
[The only degradablc polymers in common use, polyesters such as 
lactic acid-glycolic acid copolymers, display bulk (homogeneous) 
erosion (Fig. 2B), resulting in significant degradation in the matrix 
interior.] For surface-eroding systems, the drug release rate is 
proportional to the polymer erosion rate. This eliminates the 
possibility of dose dumping, improving device safety; release rates 
can be controlled by changes in system thickness and total drug 
content, facilitating device design. Achieving surface erosion re- 
quires that the degradation rate on the polymer matrix surface be 
much faster than the rate of water penetration into the matrix bulk. 
Efforts have begun to design such ideal polymers. Theoretically, the 
polymer should be hydrophobic but should have water-labile link- 
ages connecting monomers. 

It was proposed that, because of the lability of anhydride linkages, 
polyanhydrides would be a promising class of polymers. By varying 
the monomer ratios in poryanhydride copolymers, surface-eroding 
polymers lasting from 1 week to several years were designed and 
synthesized (31). 

The possibility of implanting polyanhydride disks containing 
nitrosoureas for treating brain cancer after surgery is being explored. 
Normally, nitrosoureas are given intravenously (they have a half-life 
of 12 to 15 min and cause serious toxicity to several organs). By 
placing nitrosoureas in polyanhydrides, the drug is protected and its 
efficacy lasts approximately for the duration of the polymer lifetime 
(in this case, nearly 1 month). The polymer disks also deliver the 
drug locally to the brain, significantly reducing systemic toxicity. 
Surface erosion is desirable, for, if bulk erosion were to occur, 
uncontrolled amounts of this potentially toxic drug could be 
released during breakup of the matrix. These polymers have been 
shown to be safe in numerous animal models (32). Institutional 
Review Board approval was then obtained to conduct clinical trials 
with polyanhydrides at five U.S. hospitals. In 1987, the FDA 
approved these polyanhydrides for clinical trials. In an initial study 
of 21 patients, safety was demonstrated and patient lifetime was 
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extended significantly beyond that afforded by conventional treat- 
ments (33). A phase-3 trial involving 32 hospitals is currently under 
way; over 100 patients have been treated. 

Several different surface-eroding polyorthoester systems have 
been synthesized. In this case, additives are placed inside the 
polymer matrix, which causes the surface to degrade at a different 
rate than the rest of the matrix. Such a degradation pattern can occur 
because these polymers erode at very different rates, depending on 
pH, and the additives maintain the matrix bulk at a pH different 
from that of the surface. By varying the type and amount of additive, 
release rates can be controlled (34). 

It may be desirable to have degradable polymers that consist of, 
and break down into, naturally occurring metabolites. Thus, new 
polyamino acids were synthesized in which i^amino acids or 
dipeptides were polymerized by nonamide bonds between function- 
al groups (for example, esters) located on amino acid side chains. 
This approach permits the synthesis of biomaterials (for drug 
delivery systems, artificial organs, vascular grafts, or other prosthe- 
ses) that are derived from nontoxic substances, which also have 
other desirable properties: (i) the incorporation of an anhydride 
linkage into the polymer backbone causes rapid degradability; (ii) an 
ester bond provides better film and fiber formation; and (iii) an 
imide or iminocarbonatc bond improves mechanical strength (35). 

One such polymer is being studied in vaccine delivery. Many 
adjuvants such as aluminum oxide or Frcund's adjuvant rely on a 
simple "depot" effect, releasing antigen over a short period, from 
several hours to a few weeks. In earlier studies in mice and rabbits, 
prolonged release of small amounts of antigen from a nondegradable 
device resulted in sustained antibody production for over 6 months 
(3€). Although these studies demonstrated the potential value of 
controlled release in immunization, it would be advantageous to use 
degradable systems to avoid implant retrieval. This concept is 
particularly attractive, because the polymer degradation products 
could be intentionally designed to have adjuvant properties, that is, 
an "engineered" polymer. This would permit the design of a system 
that could stimulate the immune response while simultaneously 
releasing antigen over long periods. Because of the adjuvanticity of 
^tyrosine and its derivatives, a polymer consisting of tyrosine or a 
tyrosine derivative connected by hydrolyzable iminocarbonatc 
bonds was synthesized. When this polymer was converted into small 
pellets, this system provided sustained adjuvanticity while simulta- 
neously serving as an antigen repository. The release of antigen from 
a single tyrosine-based polyiminocarbonate pellet gave rise, in mice, 
to higher antibody titers than release of the same antigen dose from 
a control polyiminocarbonate pellet or from two injections of the 
antigen over 1 year (37). 
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Pulsatile Polymeric Controlled Release Systems 

It would be desirable if polymeric systems could be designed to 
telease increased levels of drug when needed; this would mimic the 
body's physiological processes. Both open-loop and dosed-loop 
approaches art being studied. One open-loop system contains drug 
and small magnetic beads embedded in a polymer matrix (Fig. 1H). 
Release rates arc enhanced when desired by an oscillating external 
magnetic field Parameters that affect the release rate include the 
magnetic field frequency and strength, the polymer composition, 
and the strength and orientation of the polymer-embedded magnets. 
Application of die magnetic field causes up to 30-fold increases in 
release rates (38). Ultrasound can also be used to enhance drug 
release rates from polymers (39). Successful clinical implementation 
of the ultrasonic or magnetic systems will probably require the 
creation of small portable triggering devices (wristwatch size) that 
can be preprogrammed or activated manually when desired. 

Several closed-loop polymeric systems arc being developed. In 
one case intended for the increased release of insulin in the presence 
of excess glucose, glucose oxidase was immobilized within an 
insulin-containing poryamine membrane. Glucose oxidase converts 
glucose to gluconic acid; the acid protonates amine groups within 
the membrane. The electrostatic repulsion of the positively charged 
amine groups causes expansion of the membrane and increased 
delivery of insulin. As the physiologic glucose concentration de- 
creases in response to die released insulin, the membrane contracts, 
decreasing the rate of insulin release {40). In another approach, 
glucose oxidase was immobilized to agarose beads contained within 
a polymer matrix. The acid formed when external glucose reacts 
with the immobilized enzyme lowers the pH, which changes the 
solubility of insulin and the diffusional driving force. Increased 
release rates to glucose challenges were observed in vitro and in 
diabetic rats (41). A third approach involves the synthesis of 
glycosylated insulin bound to concanavalin A (Con A). Con A is 
immobilized on Scpharosc beads. The glycosylated insulin is dis- 
placed from Con A in response to glucose, which competes for the 
same binding sites. The rate of insulin release also depends on the 
binding affinity of the insulin derivative to Con A and can be 
influenced by the choice of saccharide group in glycosylated insulin. 
By encapsulating glycosylated insulin-bound Con A within a suit- 
able polymer that is permeable to both glucose and insulin, it is 
possible to control glucose influx and insulin efflux (42). Critical 
issues with respect to each of these delivery systems are the stability 
of insulin and enzymes and the rapidity of movement (response 
time) of insulin from the polymer matrix to the circulation. Such 
systems may also benefit from ongoing research in biosensors (43). 

Research is being conducted on self-triggered release of drugs 
such as narcotic antagonists in mulricomponcnt systems involving 
credible polymers, antibodies, and enzymes (44). Pulsatile systems 
involving pH-sensitivc or temperature-sensitive polymers are also . 
being studied, as are polymer systems that can be activated by light 
or electricity (45). 

Conclusions and Future Directions 

The studies discussed here show that carriers can affect drug level, 
location, longevity, and antigenicity. Although this technology is at 
an early stage, it has already made a significant clinical and commer- 
cial impact. This technology is not limited to medicine. Controlled 
release has been used for pet flea collars, pesticides, anti-fouling 
agents, fertilizers, and fragrances. Liposomes are used in cosmetics. 

There are numerous challenges ahead. One area is the creation of 
bioadhesive polymers that could alter a drug's location when given 
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orally (46). This could be particularly important for drugs that arc 
absorbed only in certain segments of the gastrointestinal tract. Even 
more tantalizing, but more difficult, is delivering large and complex 
molecules such as proteins orally. Research on novel anatomical 
delivery pathways such as the nose or hing may also permit the 
delivery of a wider spectrum of drugs. Furthermore, an understand- 
ing of cell transport mechanisms may aid in cellular targeting (47) . 

Although this article has focused principally on specific earners 
far pharmaceuticals, ongoing research in cell transplantation could 
be used to provide desired agents (48) . The possibility of inserting 
genes into cells to produce desired entities is being explored (49). 

Furthermore, continuous advances in biotechnology will have at 
least several major effects on drug delivery. First, novel complex 
drugs will be created that will be difficult to administer by conven- 
tional means. Second, approaches being developed in generic engi- 
neering may enable the creation of new molecular constructs (for 
example, deletion mutants, hybrid proteins, and ligated gene fusion 
hybrids) with increased ability to achieve site-specific delivery. 
Finally, advances in materials science and chemical engineering 
should permit improved polymers, lipids, antibodies, and other 
substances to be synthesized, better understood, manufactured, and 
effectively used in drug delivery. 


REFERENCES AND NOTES 

I. N. Bodor and J. W. Simpkdns, Soma 221, 65 (1983); A K. Kunugai J. B 
EinsoTw. M. Pardridgc, f™ Chan. 262, 15214 (1987); J. N. Jacob, G. W. 
Hesse, V. E- Shashoua, J. Med. Chem. 33, 733 (1990). 

2 Y Matsumura and H. Maeda, Cancer Res. 46, 6387 (1986). 

3. J. Kopecek and R. Duncan, J. Controlled Release 6, 315 (1987). 

4. M. Tm et «/., Science 242, 1166 (1988); P. J. Manm et «/., Bent Morrow 
Transplant. 3,437(1988). „ r w „ . . - 

5. T. R. Shockley ei «/., in Tempera! Control of Drug Detivery, W. J. M . Hrushcsky, R. 
Langcr, F. Thccuwes, Eds. (New York Academy of Sciences, New York, in press); 
R. jtin, Omar Res 48, 2641 (1988); E. Torrtoson, M>. Drug Delivery Rev. 1, 87 
(1987); E. Hurwitz, R. Kashi, R. Amon, M. Wilchck, M. Sela, J. Med. Chan. 28, 

6. M 7 S ( Sfidd and R. H. Buckley, N. Engl J. Med. 316, 589 (1987); D H Ho 
* al. % Drug Metab. Dispos. 14, 349 (1986); C C Chua et a/., Ann. Intern. Med. 109, 

7. b! Hupfc? H. Ringsdorf, H. Schupp, Makromol. Ckem. 82, 247 (1981); S. U 
KaaecnTs^ J An^Chem. Soc. 102, 6638 (1980). 

8. J. Treat, A R. Greenspan, A Rahman, in Liposomes in the Therapy of injeawus 
DiseauTand Conor, G. Lopez-Bercstcin and I. J. Fidlcx, Eds. (Uss, New York, 
1989), pp. 353-365. 

9. G. Lopex-Bcrestcm, ibid., pp. 317-327. .. oM , - M 
10. M. MattL, A. Kumano, D. A. Tin*, !^ Soc "W^&tMY P 

Wonstdn, R. L Magin, M. B. Yatvin, D. S. Zaharko, 204 1 188 (1979), P. 
Kibat, Y. Igari, M. Wheatky, H. Eisen, R. Langcr, FASEBJ.4, 2533 (1990); H. 
Ellens, J. Bcntx, F. C Szoka, Biochemistry 24, 3099 (1985); S. Cohen, MX. Banc, 
M. Chow, R. Langcr, in preparation; C. Pidgeon and C A Hur£ Photocntm. 
PhotobioL 37, 491 (1983); M. B. Yarvin et «/., Science 210, 1253 (1980). 

II. C AMng et Pnx. Natl. Acad. Sd. U.S.A. 75, 2959 (1978)- 

12. E. S. Kldncnnan, J. L. Murray, J. S. Snyder, J. E. Cunn»nj^ I. J. Fidkr, Omar 
R*. 49, 4665 (1989); G. Poste et -J., ibid. 42, 1412 (1982). 

13. C R. Alving et il., vLdnt 4, 166 (1986); A. C Allison and G. Grcgonadis, Natmt 

14. A? GAteL^D. Paparodjopouk*, Proc. NaU. Acad. Sd. USJL. 85,6949 
0988); L. Blum, S. S. K^TaMuller E Mak, P. West, I* &.40, 367 

1987); P. Anurson, T. Liakso, P. Edman, J. ^ J*/^} 4 ™^^ , 

15. K. Widdcr, G. Flourct, A Soiyci, J. Pnorm. Sd. 68, 79 (1979); K. Mosbach and 
U. Schroder, FEBS Lett. 102, 112 (1979). . u _ n 

16. M.V.5ef^CKCCrir.*~.liW (1987); JL. BuchwaWL T £ 
Rohde, P D Schneider, R. L. Varco, P. J. Blackthear, Surgery 88, 507 (1980); C 
D. Saudek « </., N. Engl. J. Med. 321, 574 JtW 

17. J. Folkman and D. M. Long, I Surg*es. 4 439 (1964). 

18. H. A. Nash, in Medical Applications of Controlled Release K Langcr and D. Wise, 
Eds. (CRC Press, Boca Raton, FL, 1984), voL 2, pp. 35-64. 

19. J. M. Goodson, tW , pp. 115-138. . 

20 R. J. Levy et al., Science 228, 190 (1985); M. J. During et «/., Am. Neurol. IS, 351 
(1989); M. Howard et «/., J. Neurvsurg. 71, 105 (1989). 

21. R- Langcr and J. Folkman, Nature 263, 797 (1976). 

22. R. BaX*. Sicgd, B. Marasca, M. Karcl, K Langcr, i ™*?T<h£l 
(1985); T. Hsu Lui R. Langcr, J. Biomea\ Mater. Res. 19, *g<^ ™^ 
M. Yamamoto, S. Takada, H. Okada,T. ShinurrK)to,^fW Bull 36, 1502 
(1988); W. M. Sahanan and R. Langer, Biopkys.J. 55, 163 V™h 

23. L Brown, L. Siemex, C Munco, E. Edelman, R. Ungcr, Diabetes 35, 692 (1986); 

SCIENCE, VOL. 249 


G. B. Sabemrin and C W. Danid, Science 237, 291 (1987); A. Lee and R. 
Langer, tW. 221,1185(1983). 

24. L. M. Sanders et «/., J. Pharm. Sd. 73, 1294 (1984); F. G. Hutchinson and B. J. A. 
Furr, in Drug Carrier Systems, F. R D. Roerdink and A. M. Kroon, Eds. (Wiley, 
New York, 1989), pp. 111-130. 

25. A. M. Klibanov, Adv. Appl. Microbiol. 29, 1 (1983); D. B. VoOrin and A. M. 
'Klibanov, in Protein Function: A Practical Approach, T. £. Crdghtoo, Ed. (IRL Press, 
Oxford, 1989), pp. 1-24. 

26. R. Liu, R. Lander, A. M. Klibanov, Biotech. Bioeng., in press. 

27. M. J. Hagcraan, Drug. Dev. bid. Pharm. 14, 2047 (1988). 

28. B. Kari, DUxtes 35, 217 (1986); O. Siddiqut, V. Sun, J. C Liu, V. W. Chien, J. 
Pharm. Sd. 76, 341 (1987). 

29. B. R. Meyer et a!.. Clinical Pharmacol. Ther. 44, 607 (1988). 

30. D. Levy, J. Kost, Y. Meshulam, R. Langer, J. Clin, in vat. 83, 2074 (1989). 

31. H. Rosen, ]. Chang, G. Wnek, R. Linhardr, R. Linger, Biomateriab 4, 131 (1983); 
K. W. Leong, B. C. Brott, R. Longer, Biomateriab 4, 131 (1983); J. Biomed. Mater. 
Res. 19,941 (1985); A. Domb, C Gallardo, R. Langer, Macnmotetules 22, 3200 
(1989). ^ 

32. K. W. Leong, P. D'Amore, M. Marietta, R. Langer, J. Biomed. Mater. Res. 20, 51 
(1986); C. Laurendn tt a/., ibid., in press; H. Brem tt «/., Selective Cancer Ther. 5, 55 
(1989); R. J. Tamargo, J. J. Epstein, C. S. Rcinhird, M. Chasin, H. Brem, J. 
Biomed. Mater. Res. 23, 253 (1989). 

33. H. Brem tt al., J. Neurosurg., in press. 

34. J. Heller, R. V. Sparer, G. M. Zcnter, in Biodegradable Polymers as Drug Delivery 
Systems, M. Chasin and R. Langer, Eds. (Defter, New York, 1990), pp. 121-161. 

35. I Kohn and R. Langer, J. Am. Chem. Soc 109, 817 (1987); A. Staubli, E. Ron, 
R. Langer, ibid. 1 12, 4419 ( 1990). 

36. I. Prcis and R. Langer, J. Immunol Methods 28, 193 (1979); S. Niemi, ). Fox, L. 
Brown, R. Langer, Lab. Anim. Sd. 35, 609 (1985). 

37. J. Kohn tt al., J. Immunol Methods 95, 31 (1986). 

38. E. Edelman, J. Kost, H. Bobeck, R. Langer, J. Biomed. Mater. Res. 19, 67 (1985). 

39. J. Kost, K. Leong, R. Langer, Proc. Natl. Acad. Sd. U.S.A. 86, 7663 (1989). 


40. J, Kost tt a/., J. Biomed. Mater. Res. 19, 1117 (1985). 

41. F. F. Ghodsian, L. Brown, E. Mathiowxo, D. Brandenburg, R. Langer, Proc. Natl. 
Acad. Sd. US A. 85, 2403 (1988). 

42. M. Brownlec and A- Gerami, Sciena 206, 1190 (1979); S. W. Kim et al., J. 
Controlled Release 11, 193 (1990). 

43. A. HeUer, Aa Ckem. Res. 23, 128 (1990). 

-44. C G. Pitt, Z.-W. Gu, R. W. Hendrcn, J. Thompson, M. C. Ward, J. Controlled 
Release 2, 363 (1985); ). Heller, 8, 111 (1988). 

45. R. A. Siegd, M. Falmarzian, B. A. Firestone, B. C Moxley, ibid., p. 179; L. 
Brannon-Peppas and N. A Peppas, ibid., p. 267; E. Maihiowitz and M. D. Cohen, 
J Membr. Sd. 40, 67 (1989); A. S. Hoffinan, A Afrassiabi, L. C Dong, J. 
Controlled Release 4, 213 (1986); Y. H. Bae, T. Okano, R. Hsu, S. W. Kim, 
Mokromol Chem. Rapid Commun. 8, 481 (1987); P. E. Grimshaw, A. ). Grod 
ainsky, M. L. Yarmush, D. M. Yarmush, Chem. Eng. Sd. 44, 827 (1989). 

46. R. Gurny, J. M. Meyer, N. A. Peppas, Biomateriab 5, 336 ( 1984); K. Park and J. R. 
Robinson, Int. J. Pharm. Amst. 19, 107 (1984). 

47. B. B. Kahn, M. J. Charron, H. F. Lodish, S. V. Cushman, J. S. Flier, J. Clin. Invest. 
84, 404 (1989); R. C Kowal, J. Herz, J. L. Goldstein, V. Esser, M. S. Brown, 
Proc. Natl. Acad. Sd. U.S.A. 86, 5810 (1989). 

48. J. Vacanti et al., J. Pediatr. Surg. 23, 3 (1988); F. Lim and A. M. Sun, Science 210, 
908 (1980); P. Aebischer, S. R. Winn, P. M. GaUetri, Brain Res. 448, 364 (1988); 
R. M. Dawson, R. L. Broughton, W. T. K. Stevenson, M. V. Sefton, Biomateriab 8, 
360 (1987); S. Cohen et al., / Am. Chem. Soc., in press. 

49. J. M. Wilson et al, Sdence 244, 1344 (1989); J. R. Morgan, Y. Barrandon, H. 
Green, R. Mulligan, ibid. 237, 1476 (1987). 

50. N. A. Peppas, in Controlled Drug Bioavailability, Drug Product Design and Perjbrmance, 
V. F. Smolen and L. A. Ball, Eds. (Wiley, New York, 1984), vol. 1, pp. 203-237; 
R. Langer and N. A. Peppas, J. Maeromol Sd. Rev. Macromol. Chem. 23, 61 
(1983). 

51. I thank H. Bernstein, S. Cohen, E. Edelman, A. Klibanov, and E. Tomlinson for 
their helpful reviews of this manuscript and J. Folkman for providing me with the 
inspiration to do research in this field. Supported by N1H grant GM 26698. 


Molecular Targets for AIDS Therapy 

HlROAKI MlTSUYA, ROBERT YARCHOAN, SAMUEL BRODER 


The development of antiretroviral therapy against ac- 
quired immunodeficiency syndrome (AIDS) has been an 
intense research effort since the discovery of the causative 
agent, human immunodeficiency virus (HIV). A large 
array of drugs and biologic substances can inhibit HIV 
replication in vitro. Nucleoside analogs — particularly 
those belonging to the dideoxynucleoside family— can 
inhibit reverse transcriptase after anabolic phosphoryl- 
ation. 3 '- Azido-2 ',3 '-dideoxythymidine (AZT) was the 


first such drug tested in individuals with AIDS, and 
considerable knowledge of structure-activity relations has 
emerged for this class of drugs. However, virtually every 
step in the replication of HIV could serve as a target for a 
new therapeutic intervention. In the future, non-nucleo- 
side-type drugs will likely become more important in the 
experimental therapy of AIDS, and antiretroviral therapy 
will exert major effects against the morbidity and mortal- 
ity caused by HIV. 


HUMAN IMMUNODEFICIENCY VIRUS (HIV) IS A PATHO- 
genic retrovirus and the causative agent of acquired immu- 
nodeficiency syndrome (AIDS) and its related disorders. 
One of the central questions after HIV was discovered was whether 
andretroviral therapy would ever be feasible. Since that time, one 
drug, 3'-azidch2\3'-cUdctDxythymidine (AZT or zidovudine) (1) has 
been shown to prolong the survival and improve the quality of life of 
individuals with advanced HIV infection (2, J), More recendy, the 
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administration of AZT was shown to delay clinical progression in 
certain asymptomatic individuals with HIV infection (4). Thus, the 
central question now is no longer whether antirctroviral therapy will 
be feasible, but rather, how to use the emerging knowledge of the 
viral life cycle to create new opportunities for therapy. 

The purpose of this review is to discuss some principles for the 
development of antirctroviral drugs in the therapy of HIV infection 
and to highlight some recent advances in this area. Successful 
antiviral drugs, in theory, exert their effects by interacting with viral 
receptors, viral] y encoded enzymes, viral structural components, 
viral genes or their transcripts, or cellular factors required for viral 
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